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PREFACE 


The purpose of this series is to provide the organic chemist with a convenient 
and updated source of useful preparative procedures. In this volume, we cover 
synthetic methods for the generation of 17 functional groups. 

For this second edition, the literature has been reviewed since 1970—1971 to 
include new information, new and expanded tables of data, additional prepara- 
tions, and recent references from both the journal and patent literature. A unique 
feature of this work is that the U.S. and foreign patent literature is frequently 
cited. It is these latter references which usually are of great value to the industrial 
chemist. 

Information about safety precautions is given where available. We particularly 
urge the laboratory worker to check the toxicity and other potential hazards of all 
reagents, intermediates, and final products. The reader is urged to check known 
toxicity data and also to become familiar with the NIOSH Registry of Toxic 
Effects of Chemical Substances 1981-1982 Edition (edited by R. L. Tatken and 
R. J. Lewis, Sr., published by the U.S. Department of Health and Human 
Services, Public Health Service, Centers for Disease Control, National Institute 
for Occupational Safety and Health, Cincinnati, Ohio 40226, June 1983). We 
caution those anticipating scale-up work first to undertake extensive tests to 
ensure that this can be done safely. Many of the preparations have not been 
checked either by us or by an independent laboratory for hazards and toxicity and 
are given here only for information purposes. We do not warrant the preparations 
against any safety or toxic hazards and assume no liability with respect to the use 
of the preparations or of the products. 

We wish to express our gratitude to our wives and our families for their 
patience, understanding, and encouragement during the preparation of this 
manuscript. We also express our appreciation to the production staff of Aca- 
demic Press for their help in all phases of publication of this volume. 

We again were fortunate to have Ms. Emma Moesta to type the chapters of the 
second edition and to provide us with a highly professional manuscript. Her 
sincere efforts are much appreciated. 


PHILADELPHIA STANLEY R. SANDLER 
APRIL 1986 WOLF Karo 


FROM THE PREFACE TO 
THE FIRST EDITION 


Volume II describes 17 additional functional groups and presents a critical 
review of their available methods of synthesis with preparative examples of 
each. Attention is especially paid to presenting specific laboratory directions 
for the many name reactions used in describing the synthesis of these functional 
groups. 

The unique features of this work, as in Volume I, are that each chapter deals 
with the preparation of a given functional group by various reaction types 
(condensation, elimination, oxidation, reduction) and a variety of starting 
materials. In many cases the available data are summarized in tables to make 
them more useful to the reader. The literature has been checked up to 1970 and 
each chapter abounds with references. 

The procedures for inclusion in this text, as in Volume J, had to meet the 
following requirements: 


1. The laboratory operations should be safe and free from the danger of 
explosion. 

2. The procedures should afford the highest yield possible of compounds of 
reliable structure. 

3. The procedures should be relatively uncomplicated. 

4. The procedures should be generally useful for a wide range of organic 
structures. 


In several cases the preparations have been repeated in our laboratories, and 
supplementary information is given. As a general rule it is recommended that 
the purity of the products should be checked by gas chromatography especially 
if the procedure was originally described prior to 1960. 

Some of the functional groups (ynamines, enamines, allenes, etc.) described 
in this volume have only of recent date been the subject of intensive investiga- 
tion. For example, this volume contains the first preparative review of ynam- 
ines with synthesis procedures from the recent literature. In some chapters 
where reliable procedures for some compound types still do not exist, it is 
hoped that the reader will be stimulated to undertake research in these problem 
areas and report upon them. 


STANLEY R. SANDLER 
WOLF Karo 
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CHAPTER 1/ ALLENES 


1. INTRODUCTION 


Reports on the synthesis of allenes by various methods have been increasing 
in the past few years. The synthesis of allenes involves some methods different 
from those described for the synthesis of olefins in Volume I, Chapter 2. 

Allenes have the 1,2-diene structure (1), where R!, R?, R?, R* =H, alkyl, 
aryl, halogen, heterocyclic, ether, etc. Since the terminal methylene groups lie 


Rie _R3 
gee Be 


(I) 


in mutually perpendicular planes, optical isomers are possible [1a]. 
Allene is the generally accepted class name for all such compounds. How- 
ever, the systematic name of 1,2-diene is also used as described for (ID) and (IID. 


(IL) Allene (Propadiene) (III) 1,3-Dimethylallene (2,3-Pentadiene) 


The first synthesis of allene was reported in 1887-1888 [1b-d]. Recently 
allenes have been screened for industrial applications in polymers [2,a b], anti- 
oxidants [3a, b], drugs [3a], dyes [3b], and fibers [4]. Allenes have also been 
found to occur in the structure of compounds derived from natural organisms 
[5]. 

Allenes have been reviewed recently by Taylor [6], and earlier reviews 
[7a-f] are also worth consulting. 

Allenes are generally prepared by elimination of halogens, hydrogen halides, 
or water from adjacent carbon atoms, the dehalogenation of gem-dihalocyclo- 
propanes, rearrangement ofacetylenes, and the 1,4-addition to vinylacetylenes, 
as described in Scheme I. 

Richey [8], and then Pittman and Olah [9a], observed the NMR spectra of 
acidic solutions of tertiary ethynyl carbinols, and their data support the idea 
that allenyl carbonium ions contribute significantly to the following ion struc- 
ture: 
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SCHEME 1 
R° 
R—C—CH=CR, rea a a 
| 
OH x x x 
R’, R’, and R = aryl AlO3 Zn, EtOH 
| 
Sse OWE eles 
7 N l4addition “T F 3 4 
Mg, Na, | « nucleophile or 
or RLi \. electrophile 
R—C==C—CHR’R” 
\ / Be = 
aes ae 
oN e 
x x 


X = halogen or OH 


Secondary ethynyl alcohols gave poor spectra because of the production of 
large amounts of by-products. 

The structure of the propargyl-allenyl anion is still uncertain but by analogy 
to the carbonium ion above it may be that shown in Eq. (2). The 


oe <— > >C=C=C— «> E wily =| (2) 


photoelectron spectra (photodetachment spectra) of this ion have been 
studied and it has been shown to be a relatively labile species [9b]. 


2. ELIMINATION REACTIONS 


The elimination reactions involving dehalogenation, dehydrohalogenation, 
and dehydration are often laborious compared to the more recent techniques 
involving dehalogenation of gem-dihalocyclopropanes [10a, b]. However, the 
availability of the starting materials is the deciding factor. 


A. Dehalogenation of gem-Dihalocyclopropanes 


Doering and LaFlamme [10b] were the first to report that sodium and 
magnesium metal are capable of converting substituted gem-dibromocyclo- 
propanes to allenes in varying yield. However, it was found that sodium reacts 
best in the form of a high surface dispersion on alumina. Ata later date, Moore 
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and Ward [11a] and then Skattebel [12a] reported that methyllithium or n- 
butyllithium reacts with gem-dibromocyclopropanes to give allenes in high 
yield. The related dichloro compounds were found to be inert to methyl- 
lithium but reacted slowly with n-butyllithium. Several examples of the 
preparation of allenes from gem-dibromocyclopropanes are shown in Table I. 
The gem-dibromocyclopropanes are treated with an etheral solution of 
either methyllithium or n-butyllithium at 0° to —80°C. Methyllithium is pre- 
ferable to n-butyllithium because occasionally difficulties are encountered in 
completely separating the n-butyl bromide from the allene product. 


TABLE I 
PREPARATION OF ALLENES FROM gem-DIBROMOCYCLOPROPANES 
Dehalo- 
genating Yield 
Starting olefin Product allene reagent (%) Ref. 
trans-2-Butene 2,3-Pentadiene Na-alumina 44 10 
1-Pentene 1,2-Hexadiene Na~-alumina 64 10 
2-Methyl-2-butene 2-Methy!-2,3-pentadiene Mg 34 10 
CHLi 69 12a 
Isobutylene 3-Methyl-!,2-butadiene CH;Li 92 12a 
1-Ethoxy-2-methyl 1-Ethoxy-3-methy]-1!,2- CH;Li 71 12a 
2-propene butadiene 
1-Pentene 1,2-Hexadiene Mg 45 10 
2-Hexene 2,3-Heptadiene CH3Li 88 11 
C4HoLi 83 1! 
1-Octene 1,2-Nonadiene CH3Li 81 11 
C,HoLi 49 1 
1-Decene 1,2-Undecadiene CH3Li 68 1! 
C4HoLi 43 11 
cis-Cyclooctene 1,2-Cyclononadiene CH3Li 31 11 
cis-Cyclononene 1,2-Cyclodecadiene C,4HgLi 78 1 
cis-Cyclodecene 1,2-Cycloundecadiene C4HoLi 89 11 
Styrene 1-Phenylpropadiene CH3Li 82 12a 
1,1-Diphenylethylene —_1,1!-Diphenylpropadiene CH;3Li 43 12a 
Cycloocta-1,5-diene 1,2,6-Cyclononatriene CH;3Li 80 12a 
1-Dodecene Decylallene Mg 45 12b 
Bicyclobutylidene 1,3-Bis(trimethylene) CH3Li 83 12c 
propradiene 
4,4,9,9-Tetramethoxy — 5,5,11,11-Tetramethoxy- CH;Li _ 12d 
cyclododeca-!,6- 1,2,7,8-cyclododeca- 
diene tetraenes 
tert-Butylethylene tert-Butylallene CH;Li 56 12e 
Cyclotetradecene Cyclopentadeca-1,2-diene n-BuLi _ 12f 


rn 
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The C,—C,, cyclic allenes [11a, b] which have been synthesized by this route 
are obtained only with difficulty by other methods [13] as mixtures with the 
corresponding acetylenic isomer (Eqs. 3). 


CH 
(nh ae 
Nain 
—>———> 


| 
(CH), Min, (Hy, C + CH || 
L__¢_s 3 | =e 


CH 
i (3) 
eA Br CH 
cH, |X Hs Gan, ‘ 
as CH 
H 


Smaller cyclic olefins react with dibromocarbene to give the gem-dibromo- 
bicyclic systems, but these have not been reported to give allenes on reaction 
with methyl- or 7-butyllithium. One possible reason may be the severe ring 
strain of cyclic allenes with less than seven carbon atoms. For example, Moore 
and Ward [14] found that 7,7-dibromobicyclo[4.1.0]heptane reacts with 
methyllithium to give bicyclic carbene intermediates which can be trapped with 
olefins (Eq. 4). 


ee + CHLLi no cyclohexene o:.. © 
Br 
| (4) 


cy} Pon 


Skattebgl [12], on the other hand, could not detect such carbene intermedi- 
ates by their addition product (spiropentanes) to olefins using gem-dibromo- 
cyclopropanes derived from noncyclic olefins. 

In a few cases, allenes are not always the sole product. For example, 1,1- 
dibromotetramethylcyclopropane does not give tetramethylallene but a 
mixture of products which is mainly 1-methyl-1-isopropenylcyclopropane 
[12] (Eq. 5). 

The preparation and dehalogenation of gem-dibromocyclopropanes to give 
allenes can be carried out in one step by the reaction an excess of olefins with 
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TABLE II 
One-STEP OLEFIN-TO-ALLENE CONVERSION UsING CARBON TETRABROMIDE- 
OLEFIN-LITHIUM ALKYL 


Temp. Yield 

Olefin R-Li CC) Allene (%) 
cis-Cyclooctene CH; -65 —_1,2-Cyclononadiene 14 

1,5-Cyclooctadiene CH; —65 —1,2,6-Cyclononatriene 64-71 
C4Ho —65 = 1,2,6-Cyclononatriene 37 


H;C CH; 
CH3Li ‘ ; 
vs —— — (3 components by VPC); the main product is 
-Buli 
Fe BE. ts ether, —40°C H;C 
; | CH; 
CH; ae eee 
| ie (5) 
CH; 

H3C CH; 

H 
: LG 3 H;C 
H;C insertion 
CH, H;C ' 


carbon tetrabromide and 2 equivalents of methyllithium in ether at —65°C [15]. 
Using n-butyllithium in hexane gives reduced yields, as in the two-step process 
(11, 12] (Eq. 6). (Table IT lists a few cyclic allenes prepared by this one-step 
process.) 


CH3Li 


Sc=cl + CBry + CH3Li ——> ——+ Sc—c—cl— 6) 


Br Br 


(+)-Bicyclo[10.8.1]-heneicosa-1(21),12(21)-diene is a doubly bridged al- 
lene synthesized by reacting the dichlorocyclopropane shown in Eq. (6a) with 
n-butyllithium [12g]. 


CHCl3 


~~ pa TS 
(CHy)e | (CH2):0 non puot (CHa, [>< (CHa to 
NS NL »f2U, Noe 
cetyltrimethyl Yay 
ammonium chloride 


n-BuLi 
hexene 


oes 
(CH))s t (CH2)i0 (6a) 
VN" 
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2-1. Preparation of 3-Methyl-1,2-butadiene [12] 
H H 


_CH; 
“CH; 


ether 


Br : 
+ CH 3Li 
r —30° to —40°C 


H ™~ 
C=C=C 
B H~ 


(7) 
H3C~ CH; 


To a flask cooled with Dry Ice~acetone (—30° to —40°C) and containing 22.8 
gm (0.10 mole) of 1,1-dibromo-2,2-dimethylcyclopropane and 25 ml of dry 
ether is added 2.2 gm (0.10 mole) of methyllithium in 80 ml of ether over a 
4 hr period. The reaction mixture is stirred for 4 hr, hydrolyzed with water, the 
ether separated, washed with water, dried, and distilled to afford 6.2 gm (92%), 
b.p. 40°C, n2* 1.4152. 

1-Phenyl-1,2-propadiene, b.p. 64°-65°C (11 mm), n2* 1.5809, is obtained 
in a similar manner in 82% yield by the reaction of |,1-dibromo-2-phenyl- 
cyclopropane with methyllithium at —60°C. 


2-2. Preparation of 1-Ethoxy-3-methyl-1,2-butadiene [16] 


C,H;0 H 
Cl a CaHoLi W3C\ 6 pic (8) 
C] ether —30°@ = H3C~ ~OC2Hs 
H3C 


To a flask cooled to —30° to —40°C and containing 20.0 gm (0.11 mole) of 
1,1-dichloro-2-ethoxy-3,3-dimethylcyclopropane in 30 ml of dry ether is added 
dropwise 100 ml of a 1.3 M ethereal n-butyllithium solution (0.13 mole) over a 
1 hr period. The reaction mixture is then stirred for an additional $ hr while it 
is warmed to room temperature. Water is added, the ether is separated, washed 
with water, dried over sodium carbonate, and then fractionally distilled to 
afford 7.3 gm (59 %) of impure allene, b.p. 55°-57°C (65 mm), n?> 1.4344. Redis- 
tillation gives a pure product, b.p. 51°C (60 mm), nZ° 1.4400. 


2-3. One-Step Olefin-to-Allene Conversion of cis-Cyclooctene to 1,2-Cyclo- 
nonadiene [16] 


C 
C3 + CBr, + CH3Li _ I (9) 
| 


C 


To a stirred reaction mixture consisting of 55.0 gm (0.50 mole) of cis-cyclo- 
octene and 41.5 gm (0.125 mole) of carbon tetrabromide cooled to —65°C is 
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added 74.0 ml (0.125 mole) of methyllithium in ether over a 45 min period. 
After stirring at — 65° to — 68°C for an additional 4 hr, another 80.5 ml (0.135 
mole) of methyllithium is added over a }-hour period. The reaction mixture is 
stirred for another 4 hr at — 68°C, warmed to 0°C, water added, the ether 
separated, washed with water until neutral, dried over sodium sulfate, and 
then fractionally distilled to afford 11.3 gm (74%), b.p. 62°-63°C (16 mm), n3° 
1.5060. 


B. Dehalogenation of Vicinal Dihalo Compounds 


The use of zinc in ethanol to dehalogenate haloallyl halides to allenes was 
reported earlier by Gustavson and Demjanoff [17a, b]. This method is still a 
useful one and has been applied when the starting dihalides are available. 
Recently chromous sulfate has also been shown to be an effective reagent at 
room temperature [17c] (Eq. 10). 


CHy=C—CH:—Cl > CH»>—C—=CH, + CH=C—CHs + ZnCl, 
ethano 
cl al 
(17%) 3%) (10) 
CrSO, 
CH,—C=CH), at Pry re ag CH,—CH—CH; 
cl 
(81%) (15%) (4%) 


The main drawback to the dehalogenation method is that the haloallyl 
halides are usually difficult to obtain. Some of the available methods of syn- 
thesis of haloallyl halides are the following. 

(1) Thermal rearrangement of gem-dihalocyclopropanes [17d]: 


>C=CI + CHX;+ KO-+-Bu  ——> RES wet, ae AS (11) 
c x 
ues | 
x x x 


(2) Reaction of allyl alcohols [7a]: 


R—CH—CH—CH, ES R—CH—CH=CH; sae 
OH Br 
KOH 


R—CH—CH—CH, ——>» R—CH—C=CH, 
| | | | | (12) 
Br Br Br Br Br 
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(3) Reaction of vinylacetylene with HBr [18]: 
‘ i 
CH;=C—C=CH + HBr > Her (13) 
Br Br 


(4) Free radical reaction of alkenes with tetrahalomethanes [19]: 


Peroxide 


CH,=CH), a CF,Br2 ——> acamcaaen ii KOR. 
Br Br 


Bi 
CF:—CH—CH, => CFr—CH—CH ae CF: CCH, (14) 


Br Br Br Br Br Br 
(5) Free radical addition of trifluoroiodomethane with propargyl halides 
(20]: 
SS + CF3I =e se ean a a 3 (15) 
xX x I 


(6) Free radical addition of trifluoroiodomethane with propargyl alcohols 
(20): 


RCH -e=cH CRT os. 


OH 


RCH—C=CH—CF; 0°? _, R—CH—C-CH—CF; (16) 


OH I Cl 


2-4. Preparation of 1,1-Difluoroallene [19a] 


CF,Br—CBr=CH, + Zn —> CF,;=—C=CH, + ZnBr, (17) 


To a flask equipped with stirrer, condenser, and dropping funnel is added 
40.0 gm (0.61 gm-atom) of zinc dust in 40 ml of absolute ethanol. After the 
condenser outlet is connected to a series of Dry Ice—acetone traps cooled to 
—80° to —70°C, the mixture is heated to gentle reflux while 20.3 gm (0.0852 
mole) of 1,2-dibromo-1,1-difluoropropene in 30 ml of 95% ethanol is added 
dropwise over a 2 hr period. The reaction mixture is heated for an additional 
hour, and then the gaseous products which are condensed in the Dry Ice traps 
are purified by several vaporization distillations to afford 3.6 gm (56%) b.p. 


—21° to —20°C (thermocouple immersion), ir 4.95 uz (>c=c=c <) and no 
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absorption at 4.6 u (—C=C—). The addition of bromine at —80°C yields the 
starting material. At room temperature under pressure in the absence of oxygen 
the product allene slowly polymerizes to a water-white viscous liquid. 
Another synthesis of 1,1-difluoroallene (or 1,1-difluoropropadiene) has 
recently been reported using KOH followed by BuLi as shown in Eq. (18). 


KOH 
CF,;CH=CH, + Br, ———> CF,—CHBr—CH,Br ———> 


1. BuLi 
CF,CBr=CH, >? CF.=C=CH, (18) 
Allene has been prepared recently [17b]in a similar manner by adding 260 gm 
(2.34 moles) of 2,3-dichloropropene dropwise over a 2-3 hr period toa refluxing 
mixture of 400 ml of 95 % ethanol, 80 ml of water, and 300 gm (4.6 gm-atoms) of 
zinc dust. The allene is trapped and purified ina manner similar to 1,1-difluoro- 
allene. 
Sodium metal in ether has also been used to dehalogenate cyclic 1,2-dihalo- 
alkenes to cyclic allenes with some cyclic alkyne as a by-product [13]. 


2-5. Preparation of 1,2-Cyclodecadiene [13] 


C—cl CH Cc 
ja in \ 
(CH) SES Hy SC + CH || (19) 
C—Br ba ae L—~ 


To a glass vial is added a solution of 3.75 gm (0.015 mole) of 1-bromo-2- 
chlorocyclodecene in 35 ml of absolute ether. Then 1.0 gm (0.045 gm-atom) of 
fine sodium wire, cut into 1 cm lengths, is added. The tube is sealed after flush- 
ing with nitrogen, and after 10 days at room temperature, with occasional shak- 
ing, the tube is broken open, filtered, washed once with a saturated salt 
solution, twice with hydrochloric acid, once again with salt solution, dried, 
and then fractionally distilled to afford 1.0 gm (49%), b.p. 72°-75°C (13 mm), 
nz? 1.5024, dz° 0.897. 


C. Dehydrohalogenation 


The base-promoted dehydrohalogenation of vinyl or allylic halides affords 
poor yields of allenes because of the competing side reaction leading to acety- 
lenes (21, 22]. The presence of tertiary hydrogens « to the halogen also helps 
to give conjugated dienes (Eqs. 20 and 21). 


N b Ss aS a 
UCH—CX=CH— —“> CH-C=CH + C=C=CL (20) 


base 


>>CH—CX—CH=CH— —“; Sc=c—cH=cc + >cH—c=—c=cl (21) 
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In addition, an allene can rearrange to an acetylene or conjugated diene if it 
contains labile hydrogens (Eqs. 22, 23). This method is discussed in further 
detail in Section 3A. 


e=c=CcH— —base , >cu—c=c— (22) 
= 
Pa a zbase ce eS (23) 


Rearrangements are less likely when the allene to be formed is highly substi- 
tuted with either phenoxy [23a], aryl, or halogen groups [23b, 24]. For 
example, 


(CsHs)2C=CH> + (CsHs)2CHX 9 —SAY%_, (CgHs),C=CH—CH(CoHs)2 > 
in CsHs ether 


he ——> (CeHs),C=C=C(CoHs)2 (24) 


Br 
X = Br or Cl [23] 
(C6Hs)xCHK CeHs)2CHK, liq. NH 
(C6Hs),CH—CC];  —=*—>  (CeHs)2C=CCl2 eee 
-HCI 
ee er | ——— > 9 (CoHs)2C=C=C(CoHs)2 (25) 
cl 
xX x 
(CgHsCO)202 


| | 
CH,—CX, +CX,Br, ———>- oe ii Oh 
X=F Br Br @\2KOH 
eR 


N 
Ly 


X,C=C=CX; (26) 


X =F, Cl, Br, I 
> 4 


| 

ie esas 
xX X 
X=Cl, Br 


XCH,—C==C—X 
X=I 


Dehydrohalogenation of 9-10 carbon atom rings leads mainly to cyclic 
allenes with some cycloalkyne by-product [28, 29]. The cycloalkyne of only 
9-10 carbon atom rings is more highly strained than that of the allenes. Larger 
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rings give higher amounts of acetylenes. Rings containing less than nine carbon 
atoms do not yield allene or acetylene but dimers or polymers because of the 
high degree of strain [28]. 


2-6. Preparation of Phenoxypropadiene [23a] 


CsH0 CH CHO H 
ey eneS KOH > Sceo=cZ (27) 
r 


To a 125-ml Claisen flask is added 40.0 gm (0.71 mole) of powdered potas- 
sium hydroxide. The flask is heated to 50°C in an oil bath while the distillation 
receiver is cooled with Dry Ice. Then 18.0 gm (0.085 mole) of 2-bromo-1- 
phenoxy-1-propene is added dropwise to the hot alkali while heating at 17 mm. 
A vigorous reaction occurs at 90°C, and the product distills over rapidly. The 
crude allene is dried over sodium sulfate and then fractionally distilled to afford 
5.5 gm (50%), b.p. 45.5-46.2°C (2 mm), n2° 1.5490, d2> 1.0127. 


2-7. Preparation of Tetraphenylallene [23b] 


CoH CoH CoH 
°ScH—c=CL + KOH > ececr (28) 


A flask containing 1.0 gm (0.00235 mole) of 2-bromo-1,1,3,3-tetraphenyl- 
propene, 2.0 gm (0.0357 mole) of potassium hydroxide, and 30 ml of ethanol is 
heated to reflux for 1 hr. After this time, the reaction mixture is cooled, diluted 
with water, the solid filtered and then recrystallized from ethanol:acetone 
(2:1) to afford 0.81 gm (100%), m.p. 165°C. 


Using a similar technique, tetrafluoroallene is prepared in 34% yield from 
3-bromo-1,1,3,3-tetrafluoropropene and potassium hydroxide at 110°C [25a]. 


2-8. General Procedure for Preparation of Tetraarylallenes by the Reaction of 
Potassium Diphenylmethide and 1,1,1-Trichlorodiphenylethanes and 
1,1-Dichloro-2,2-diphenylethenes [24] 


Preparation of tetraphenylallene. (See Eq. 25.) To 200 ml of stirred liquid 
ammonia containing 7.28 gm (0.0255 mole) of 1,1,1-trichloro-2,2-diphenyl- 
ethane is added a solution of 0.0255 mole of potassium diphenylmethide in 
300 ml of liquid ammonia. The mixture turns an orange-red color and then 
discharges immediately. After 1 hr the mixture is worked up to give 4.46 gm 
(75%) of 1,1-dichloro-2,2-diphenylethene. 
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To a stirred solution of 0.02 mole of an orange-red solution of potassium 
diphenylmethide in 150 ml of liquid ammonia and 50 ml of dry ethy] ether, 
prepared from 0.02 mole of KNH; and 3.36 gm (0.02 mole) of diphenyl- 
methane, is added 2.5 gm (0.01 mole) of 1,1-dichloro-2,2-diphenylethene. The 
reaction mixture darkens and then a precipitate forms. The reaction mixture is 
stirred until all the ammonia evaporates to leave a solid. The solid is recrystal- 
lized from chloroform—methanol to afford 3.1 gm (90%) of tetraphenyl- 
allene, m.p. 164°C. 


D. Dehydration 


Dehydration of alcohols, diols, or glycols does not give allenes in appreci- 
able yield because conjugated dienes [30] are the main product. Even allyl 
alcohol cannot be suitably dehydrated to allene in reasonable yields. When 
elimination to the conjugated diene is prevented, as for 2,2-dimethyl-4-hexene- 
3-ol, the allene is still obtained in only 19% yield [31]. 


2-9. Preparation of 2,2-Dimethyl-3,4-hexadiene [31] 


ie CH3 
CH;—CH—CH—CH—C—CH, re CHy—CH=C—CH—C—CH (29) 
2' 
OH CH; CH; 


To a single-necked, round-bottomed flask equipped with a distillation 
column are added 2,2-dimethyl-4-hexen-3-ol and one-half its weight of oxalic 
acid. The mixture is heated so that it slowly distills through the long column. 
The water layer is separated and the organic layer is dried and distilled to 
afford a 19% yield of 2,2-dimethyl-3,4-hexadiene, b.p. 107.4°-108.0°C, n3° 
1.4425, dj> 0.7375. 

Only polyarylallenes can be made in fair yield by heating the corresponding 
alcohols with either acetic anhydride or potassium bisulfate since the hydroxyl 
group is relatively labile [32]. The competing side reaction is the formation of 
indenes and dimers [33-36] (Eq. 30). 


C,H Zs mde 
6F'Ss + 
“c=CH— Hon CALLE mp.13sc¢ (30) 
Bronte ‘ 
ee CoHs 
[35] 


\ (CoHs)2 
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Polyphosphoric ethyl ester has been used to convert 1,1-diphenyl-3-hydroxy- 
3,3-biphenylene to 1,1-diphenyl-3,3-biphenylene allene in 21% yield [37] 


(Eq. 31). 


(CgHs)2—C=CH—C peice (CgHs)2—C=C==C (31) 


i) 


3. REARRANGEMENT REACTIONS 


The various types of acetylene—allene rearrangements [la, 38-41] have been 
described by Jacobs [38] to involve the following processes: 


| | | 
ca al = Y-C=C=C— (32) 
(A) X=Y=H prototropic 
(B) X= Y=anion anionotropic 
(CS X#Y displacement 


(D) Intramolecular rearrangements 


The prototropic rearrangement (Eq. 33) was first discovered by Favorskii 
in 1886 [42], but the very general nature of this type of rearrangement has 
only been recognized recently. 


OH, 
(CH;),;CH—C=CH ee (CH;);C—C=CH, [41] (33) 
> ir 


The rearrangement occurs more readily when activating groups (aryl, 
carboxyl, etc.) are attached to the triple bond. Jacobs [38] reports that a reac- 
tion involving adsorption of an acetylenic compound on an active basic surface 
has led to the practical synthesis of arylallenes, allenyl ethers, allenyl halides, 
and other substituted allenes. 

An example of the anionotropic rearrangement is the reaction of propargyl 
halides with cuprous salts (Eq. 34). The mechanism and the role of the 
cuprous salt have not been-completely elucidated. 


CH=C—CH,Br — Br—CH=—C—CH, (34) 
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The displacement rearrangements are very similar and comprise those in 
which the incoming and outgoing groups are different anions: 


| 
x eK Y- —+ x + Dc=cecy— (35) 


For example, 


1. C2HsMgBr, ether 


2. H,0 (CH3)2,C—=C—CHC?Hs (36) 


(CH 2 ine 
Br 


A typical intramolecular rearrangement involves 1,4-addition across the 
conjugated system of alkenynes to give allenes (Eq. 37). 


| | 
Sco cece. 25%). a (37) 


», ¢ 
A. Prototropic Rearrangement 


Jacobs [42] in 1951 showed that the rearrangement of |-pentyne, 1,2- 
pentadiene, and 2-pentyne by means of 3.7 N ethanolic potassium hydroxide in 
a sealed tube at 175°C for about 3 hr gave the same equilibrium mixture. 


CH;CH,CH,C=CH => CH;CH,CH=C=CH, ==> CH;CH,C=C—CH; 
3% B.5% (95.2%) (38) 


The rearrangement cannot involve the addition and elimination of the 
alcohol because the rearrangement also takes place with powdered potassium 
hydroxide in the absence of alcohol. In addition, 2-ethoxy-1-pentene was 
shown to remain largely unchanged under the rearrangement conditions, and 
it affords no alkynes or allenes. A probable mechanism involves the removal of 
a proton by the base to give the anion. 

Cyclic alkynes (Cy, Cy9, or C,;) also rearrange in the presence of bases to 
an equilibrium mixture containing cyclic allene [43]. The bases used were 
NaNH)-liq. NH; at —33.4°C, KOH-C,H,OH at 131°-134°C (sealed tubes), 
KO-t-Bu-t-BuOH at 79.4°-120.0°C (sealed tubes) [44]. A solution of sodamide 
in liquid ammonia gave the most rapid (4 to 3 hr) allene-acetylene intercon- 
versions of all systems examined. 

For acetylenes with adjacent acidic hydrogens the formation of substituted 
allenes is favored by prototropic rearrangement (Eq. 39). 


base 


R—C==C—CH,—R’ ——> R-—-CH=C=CHR’ 
R’ = aryl [45-47], CH=CH, [44, 48, 49], C=CH [50], CN [51], (39) 
COOH [52], COOR [52], SR [53]. 


R = H, alkyl, aryl, or carboxyl 
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The use of DMSO/CH,OH/KOH in the ratio of 96/3/1 has recently been 
reported for the batch and continuous interconversion of propyne to 
propadiene (allene) [44b]. Propyne has also been reported to be converted to 
allene in 21-22% by passing propyne over sodium or potassium aluminite 
(NaAlO, or KAIO,) at 293-344°C [44c]. Other references to related 
processes are worth consulting [44d-f]. 

Recently, functionally substituted allenes have been reported to be pre- 
pared from methylacetylene via propargylic lithium alanate or lithium borate 
intermediates [44g, h] as described in Eq. (40). 


~BuLi Al(t-Bi 
RC=CCH, eee Se (RC=C=CH,)Li pi ical 
ET20-TMEDA 
— 78° to 0°C 


H 
| 
[R’‘C=C—CH, Al(t-Bu),]- Lit —————>_ R, C=CH— ¢—C=C=CH, 


H 
R,C=O 
(40) 


3-1. Preparation of 1-(p-Biphenyl)-3-phenylallene [46] 


ODO 


Method A. To an alumina (Harshaw Chemical Co.; 80 mesh alumina, 
slightly basic type used for chromatography, is dried at 160°-170°C for 5 days 
before use) column (1.7 x 11 cm) is added a solution of 0.77 gm of 1-(p-bi- 
pheny!)-3-phenyl-1-propyne in n-pentane. After 45 min the product is eluted 
with n-pentane and concentrated at room temperature using a nitrogen 
atmosphere (with a water aspirator) to afford 0.53 gm (69%), m.p. 84.8°— 
86.4°C. (See Method B for the preparation of a higher melting product.) 
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Method B. Toa pressure bottle is added a solution of 0.100 gm of I-(p- 
bipheny!)-3-phenyl-I-propyne in 50 ml of petroleum ether (b.p. 20°-40°C) 
with 1.0 gm of sodium hydroxide pellets. The solution is kept for 11 hr at 
room temperature. After this time the solution is filtered and concentrated as 
in Method A to afford 0.058 gm (58 %) of 1-(p-biphenyl)-3-phenylallene, m.p. 
91°-94°C. On recrystallization from petroleum ether (b.p. 20°-40°C), the pro- 


duct melted at 94.6°-95.5°C, ir 1944 cm™! (Sc=c=cC). 


3-2. Preparation of 2,3-Butadienoic Acid [54] 


CH=C-—CH,—COOH + K,CO, va 


CH,=C=CH—COO-K+ —#*°> CH)==C==CH—COOH (42) 
(92%) 


A flask containing 5.0 gm (0.06 mole) of 3-butynoic acid and 200 ml of an 
18 °% aqueous potassium carbonate solution is heated at 40°C for 3 hr. After 
acidification the product is extracted with ether, dried, and concentrated to 
afford 4.6 gm (92%) of 2,3-butadienoic acid, m.p. 65°-66°C (recrystallized 
from petroleum ether). 

a,B-Acetylenic acid ester or amide derivatives which do not possesss a 
y-hydrogen atom undergo basic cleavage in good yield to the terminal acety- 
lene [55]. However, if the derivatives above possess two y-hydrogens, then 
there is a rapid rearrangement to the a,B-allenic acids [56] (Eqs. 42, 43). 


I 
R—C=C—COR ——> RC=CH (43) 


| 
RCH,C=C—COR ——» RCH=C=CH—COOH (44) 


B. Anionotropic Rearrangements 
Primary propargyl halides can be rearranged in the presence of cuprous salts 
to allenes in fair to good yields (Eq. 45) 


aq. HX, CuX 
> 


HC=C—CH,—X XCH=C=CH) (45) 


X = Bror Cl 


Heating 3-bromopropyne at 105°—110°C for 24 hr in the absence of cuprous 
bromide gave only 2% isomerization. 
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3-3. Preparation of Chloropropadiene [57] 


CH=C—CH,CI ete CH,=C=CHCI + CH=C—CH,CI + polymer (46) 
HCI (14.5%) (49.5%) 


To a flask equipped with a stirrer and condenser is added 37.2 gm (0.5 mole) 
of 3-chloropropyne, 5.0 gm (0.051 mole) of cuprous chloride, 4.0 gm (0.075 
mole) of ammonium chloride, 4.0 ml of concentrated hydrochloric acid, and 
12.0 ml of water. The mixture is stirred for 5 days and then the organic layer is 
separated (weight 31.0 gm), dried with potassium carbonate, and fractionated 
to afford 5.5 gm (14.5%) of product, b.p. 44°C, 2° 1.4617, d?° 1.4344, and 
higher-boiling material, probably polymeric in nature. The yield of chloro- 
propadiene is 29% based on the reacted 3-chloropropyne. 


3-4. Preparation of Bromopropadiene [57] 


CH==C—CH,Br — CH;—C—CHBr + CH==C—CH)Br_ (46a) 
“M4hr (71%) (13%) 


To a distillation flask is added 29.0 gm (0.244 mole) of 3-bromopropyne 
and 2.5 gm (0.0174 mole) of dry cuprous bromide. The flask is attached to a 
concentric-tube column (25-30 theoretical plates), and the temperature of the 
flask is controlled so that the takeoff temperature at the head remains at 
72.8°-73.5°C. In 24 hr, 24.4 gm (84%) of bromopropadiene of 75-85 % purity 
is obtained. The remaining 3-bromopropyne (propargyl bromide) is removed 
by washing the product with a 40% aqueous solution of diethylamine. Three 
to four moles of diethylamine is used for each mole of propargyl bromide in 
the product as calculated from VPC or refractive index data. After swirling 
the mixture (acidified with 15% hydrochloric acid) for $ hr, the organic layer 
is separated, washed with water, dried over potassium carbonate, and distilled 
quickly under reduced pressure into a Dry Ice-cooled receiver to afford pure 
bromopropadiene, b.p. 72.8°C (760 mm), 3° 1.5212, d?° 1.5508. 


Method 3-4 is an improvement over the method of making bromopropa- 
diene by shaking 3-bromopropyne for 6 days with cuprous bromide, concen- 
trated hydrochloric acid, ammonium bromide, and copper bronze to afford 
a 28 % yield of bromopropadiene. 

Secondary and tertiary chlorides can be rearranged to allenes with the aid 
of concentrated hydrochloric acid in the presence of cuprous chloride and 
ammonium chloride [57]. 
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When 1-chloro-3-methyl-1,2-butadiene is allowed to stand for several days 
with the catalyst above, it is converted to 4-chloro-2-methyl-1,3-butadiene 
[58] (Eq. 47). 

aq. HX 


Xx 


(X = Br) heat in air or peroxide [59a, b] CH,=—C—CH=CHX (47) 
(X = Cl) CuX, NH4X [55] | 
CH; 
X = Cl [58} 


X = Br [60] 


1-Bromo-3-methyl-1,2-butadiene can be made either by the anionotropic 
rearrangement of 3-bromo-3-methyl-l-butyne using cuprous bromide and 
48% hydrobromic acid or by letting 2-methyl-3-butyne-2-ol react directly 
with a mixture of 45% hydrobromic acid, ammonium bromide, and cuprous 
chloride. 


3-5. Preparation of 1-Chloro-1,2-hexadiene [55] 


cul H~ 
H—C=C—CH—CH,CH,CH; —““—+» | >C=C=CH—CH,CH,CH; (48) 
| conc. HCI, cl 
cl NH.Cl, 
H,0, 
Cu bronze 
To a large bottle are added 116.5 gm (1.0 mole) of 3-chloro-1-hexyne, 
20.0 gm (0.20 mole) of cuprous chloride, 16.0 gm (0.30 mole) of ammonium 
chloride, 10 ml of concentrated hydrochloric acid, 50 ml of water, and 0.6 gm 
of copper bronze. The bottle is sealed and shaken at room temperature for 
14 days. The organic layer is separated, dried over potassium carbonate, and 
fractionally distilled through a glass-helix-packed column to afford 61.0 gm 
(52%) of nearly pure 1-chloro-1,2-hexadiene, b.p. 54°-57°C (50 mm), n3° 
1.4567-1.4680, 9.3 gm (8 %) of 3-chloro-1-hexyne, and some polymeric mate- 
rial. Shorter periods of reaction give lower yields. The product is purified as 
described for bromopropadiene. 


C. Displacement Rearrangements Involving Propargyl Halides 


The propargyl rearrangement in which the incoming anion and outgoing 
anion are different is called a displacement (Eq. 49). Some examples are 
summarized in Scheme 2. 

| 
K1e£c3c FR- 
X = halide or OH 


—+ X-+ >C=C=cR— (49) 
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SCHEME 2 
Zn-Cu, C7,H;OH nN | 
C=C=CH 
or LiAIH, gre igta-e] 
Na—Hg, | 
H;0+ 
Mg, Zn, or Al 


(>C=C=C), - metal (59a, b] 


Iu 


| 
be 
 Sc=c=C-R 


>c=c=Cc-R <BR X—e—CmC— 


ether 

R=R.N Y =H (67a, b] 
=R;N Y = nothing [67a,b] 
=RCOO Y=Ag [68] 


1, RxC=O 


1. RMgBr, ether 2, H30+ 


=CN Y = H (CuCl) [69a-c] 2. H20 [64a-e] 
=C=CR Y= Cu(NH,OH) [65] | 
= OCH; Y = Na[70a, b] H ae Sa ea 
. H;0+ 
(62a-d] (63a, b] 
Ni(CO)}a 


| 
>C=C=C—COOH [66] 


aq. C7HsOH [66] ' 
(low yields) 


The zinc-copper couple technique [6la-e] is generally used to give good 
yields of terminal allenes and also of allenes with neighboring double or triple 
bonds. Ethanol or butanol is used as the solvent, and deuterium oxide is used 
if deuterioallenes are desired (see Table III). 

The use of lithium aluminum hydride gives slightly lower yields and probably 
involves a displacement reaction by hydride ion. The zinc-copper couple 
technique probably involves formation of an organozinc intermediate. Sodium, 
magnesium, and aluminum metal may be used to replace the zinc-copper 
couple [59a, b]. These organometal intermediates react with aldehydes and 
ketones to give mainly acetylenic alcohols [63a, b]. However, carbonation of 
the organometal intermediates gives acetylenic and allenic carboxylic acids 
[62a—d]. 

Propargyl bromides can react with alkyl Grignard reagents [64a-e] to give 
good yields of alkyl-substituted allenes only if the final hydrolysis is effected 
with the minimum amount of pure water rather than with acid [64a-e]. 

Serratosa [64c] reported that the data in the literature suggest that two reac- 
tion paths are operative in the reaction of propargy! bromide with alkyl- 
magnesium bromide. These reactions are dependent on temperature, solvent, 
and the structure of the Grignard reagent (Eqs. 50, 51). 


CH=C—CH,Br + RMgBr peed CH=C—CHR + CH;=C=CHR (50) 
orc, 
ether 
BrMg—C==C—CH,Br ——» [:C=C=CH,] —Ms8", 


R 
Sc=C=CH, 25 R-CH=C=CH, (51) 
MgBr 
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Using tetrahydrofuran (THF) in place of ether, alkyl Grignard reagents give 
exclusively the alkyne product regardless of the temperature. In ether at 0°C 
the alkyl Grignard reagents give mainly the allene product. Under refiux condi- 
tions these Grignards give a mixture of alkyne and allene. However, aryl Grig- 
nard reagents react in ether at 0°C with propargyl bromide to give a mixture of 
allene and alkyne products. 

Propargyl bromides can also react with other acetylenes in the presence of 
1-2°% of cuprous chloride (based on stoichiometry), a small quantity of 
hydroxylamine hydrochloride, and an amine [65] (Eq. 52). Table IV gives 
several examples. 


R 
| 
R—C=CH + R’ § C=C—R” ——— 
x 
(IV) (V) 


C==C—R” (52) 


= R’ 
R-C=C—C=C—CL, ¢ R-C=C 


AOR 


(VI) (VII) 


As shown in Scheme 2, propargyl bromides can also react with various 
nucleophiles (RY) [65, 67-69] to give variously substituted allenes. 

Jacobs and Hoff [70a] recently reported that, when sodium methoxide in 
methanol is the displacing reagent for a series of mixtures of substituted 
propargyl and allenyl chlorides, the position of attack depends on the side of 


the groups attached to the propargyl moiety (Eq. 53). 
i i i 
(CH) CCC=CH ey (CHsCCC=CH +(CH;);CC=C=CHC|_ ——> 
OH cl 


(IX) (X) (XI) 


R R R 
hese ace — ee a Maes ~c—t_c(cu)) 
(VII) | HC prepared using [70b] 
CsH; KO-t-Bu + styrene 
CHR’ R R 
(aj eeeeen + (CHy,CeC=CH + (CHy),CU=C=CHOCH; (53) 
och, 
(XID) (XID) (XIV) 


TABLE III 


REACTION OF ZINC-COPPER COUPLE WITH PROPARGYL HALIDES TO GIVE ALLENES 


Zn-Cu 
Propargyl halide couple Solvent Temp. Time Yield B.p., °C Ny 

(gm) (gm) (ml) (°C) (hr) Product (%) (mm Hg) (°C) Ref. 
3-Chloropenta-1,4-diyne (6.0) 5.0 n-Butanol (40) 5 Penta-1,2-diene- 61 35-37 1.4790 6lb 

4-yne (250) (20) 
trans-5-Chloropenta- 3.0 n-Butanol (5) 2.5 Penta-1,2,4- 71 46.5-47.5 1.4710 61b 

3-one-1-yne (3.1) triene (19) 
3-Bromopropyne (6.0) 7.0 Ethanol (35) 3 Propyne (4) and 82 —_— 6lc 

allene (4) 

3-Chloro-1-hexyne (56.0) 70. Ethanol (150) 4 1,2-Hexadiene 71 74.6-74.8 1.4252 6la 

(740) (25) 

“TABLE IV 
REACTIONS OF VARIOUS ALKYNES WITH PROPARGYL HALIDES [65] 
Propargy! halide (II) Product Yield Bp.,°C 
Alkyne (IV) R’ R’ R” x Amine (VD or (VID) Proportion (%) (mm Hg) 
H H H H Cl NH,OH Vil 95 60 70 (2) 
CH,OH H H H cl NH,OH Vil 95 75 60 (2) 
CH;—CH—(OH)— CH; H H Cl NH,OH Vil 100 50 80 (2) 
H H H cl NH,OH VII 95 80 65 (2) 
CH; H H Cl NH,OH VII 100 60 80 (2) 
(CH3)2C—(OH)— CH; CH; H cl (CH3)3;C—NHz2 VII 100 60 80 (1) 
CH.2==C(CH;)— H H H cl NH,OH VII 100 _— — 
CeHs H H H Cl NH,OH Vil 100 _ — 
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As seen in Table V, elimination to form enyne XII accompanies the displace- 
ment in such a way that it increases in importance as the temperature is raised, 
and decreases in importance when R increases in size. 


TABLE V* 
REACTIONS OF MIXTURES OF (CH3)3CCRCIC==CH (X) AND 
(CH;3);CCR=C=CHCI (XI) wit 100% Excess or CH30Na IN CH30H [70a] 


Starting material Conditions Products, %*(VPC data) 
R Xx: XI Temp. (°C) Time (hr) Xand XI XII XIII XIV 
CH; 67:33 Room temp. 288 12° 40 48 
65 15 Mainly 
CLHs 60:40 Room temp. 288 28° 30 42 
65 15 Mainly 
CH(CH;3), 2:98 Room temp. 288 Mainly Minor < : 
65 15 ~5 40 11 44 
C(CH3)3 2:98 Room temp. 288 Mainly Trace Trace 
65 15 Trace 10 90 


* The numbers represent proportions of products, and errors may be as great as +10% of 
the figures given. A single distillation of the reaction mixture usually gave a distillate that 
accounted for over 90 % of starting materials, but with R = C(CHs3)3 the yield was about 80%. 

* This appeared to be entirely alleny! chloride (XI). 

© A second experiment with X: XI = 78:22 under the same conditions gave the same pro- 
duct distribution but recovered (XI) was somewhat less. 

4 The XIII: XIV ratio could not be determined as precisely as in the next experiment, but 
was approximately 20:80, in agreement with the latter. 

¢ Reprinted from T. L. Jacobs and S. Hoff, J. Org. Chem. 33, 2987 (1968). Copyright 1968 
by The American Chemical Society. Reprinted by permission of the copyright owner. 


The halide mixtures X and XI were produced by treatment of the propargyl 
alcohol IX with hydrochloric acid, calcium chloride, and copper bronze. 


3-6. Preparation of 1,2-Hexadiene (Zn—Cu couple) [61a] 


i a 2rCe_.  C3H;—CH=C-=CH, (54) 


C2H;OH 
Cl sia 


(a) Preparation of Zn—Cu couple. Zinc dust, 62 gm (0.95 gm-atoms), is 
placed in a Biichner funnel and then washed four times with 50 ml portions of 
3% hydrochloric acid solution, twice with 50 ml portions of distilled water, 
twice with 100 ml portions of 2% copper sulfate solution, twice with distilled 
water, once with 100 ml of 95% ethanol, and once with 100 ml of absolute 
ethanol (do not dry; use directly below). 
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(b) Preparation of 1,2-hexadiene. The zinc-copper couple above, along 
with 150 ml of absolute ethanol, is added to a 500 ml round-bottomed flask 
equipped with a ground-glass stirrer, dropping funnel, Vigreaux column, and 
distillation head. Then 56.0 gm (0.48 mole) of 3-chloro-1-hexyne is added 
dropwise while stirring and occasionally cooling. After the addition, the 
mixture is heated to reflux for 4 hr and then distilled at 63°-66°C to collect the 
allene-alcohol azeotrope. The distillate is washed three times with water and 
the resulting organic layer dried and fractionally distilled to afford 28.0 gm 
(71%), b.p. 73.8°-74.6°C (744 mm). Redistillation through a Todd column 
affords a product with the following properties: b.p. 74.6°-74.8°C (740 mm), 
nd 1.4252, d3> 0.7102. 


3-7. Preparation of 1,2-Hexadiene (LiAlH, Technique) [61c] 


a LiAIH, 5 ~CsH;—-CH=C=CH2 + CyHo—C==CH (55) 
Cl. 


To a flask containing 22.0 gm (0.58 mole) of lithium aluminum hydride in 
500 ml of ether is added dropwise 58.5 gm (0.5 mole) of 3-chloro-1-hexyne. 
The reaction is not exothermic. After the addition the mixture is refluxed for 
3 hr, allowed to stand overnight, and then hydrolyzed with water. The ether 
layer is separated, dried, and fractionally distilled to afford 2.87 gm (7.0%) of 
I-hexyne, b.p. 70°-72°C, nZ> 1.3990; 20.1 gm (49%) of 1,2-hexadiene, b.p. 
75°-76°C, n3> 1.4260-1.4267; and 10.0 gm (17.1%) of 3-chloro-1-hexyne, 
b.p. 63°-64°C (100 mm), 3° 1.4375, d25 0.9240. 


3-8. Preparation of 1,1-Diphenyl-4,4-dimethyl-1,2-pentadiene [59b] 


CH; Gilly. sey 
GHi0 ese bn: =. 
eu; Git. 
CoHs CH; 
(CH;);C—C=C—C—Na 22> Ch} cn melts (56) 
Cs cu, 


To a flask containing 20.0 gm (0.061 mole) of 1-bromo-1,1-diphenyl-4,4- 
dimethyl-2-pentyne, 500 ml of dry ether, and 50 ml of 40% sodium amalgam, 
the air is displaced by nitrogen, the flask is stoppered, and then placed in a 
mechanical shaker for 48 hr. The flask is cooled, and previously boiled water is 
slowly added to discharge the red color. Approximately 200 ml of water is 
added, the ether layer separated, washed with water, dried, concentrated, 
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and distilled to afford 5.2 gm (34%) of product, b.p. 115°-118°C (0.55 mm) 
n2° 1.5690, d2° 0.9661. The distillation residue is crystallized from petroleum 
ether, b.p. 25°-65°C, to afford 4.2 gm (20.0%) of the allene dimer, m.p. 
178.8°-179.8°C. 

The allene monomer dimerizes after standing for a few weeks at room 
temperature. 


In a similar manner 2,2,6,6-tetramethyl-3-phenyl-3,4-heptadiene is prepared 
in 82% yield [59a] (Eq. 57). 


CoH 
(CH)—C—O=C—C CCH) +Mg ther, 


Br 
CsHs CeHs 
(CH)sC—C=C—C—CICH1)s Ah. (CH3);—C—CH=C=C—C(CH3))_ (57) 
Mer b.p. 78°-80°C (1.0 mm) 
n2° 1.5039 
d2° 0.8808 


3-9. Preparation of Cyanoallene [69b] 


CH=C—CH,Cl+ NaCN 2S'> CH,=C=CHCN + CH=C—CH,CN (58) 


CAUTION: Because HCN may be evolved, this reaction should be carried 
out in a well-ventilated hood. Safety precautions in handling NaCN should be 
strictly observed. 


To a flask equipped with two dropping funnels and containing 24 liters of 
saturated sodium chloride solution, 50.0 gm (0.51 mole) of cuprous chloride, 
2.0 gm of copper powder, and 50 ml of concentrated hydrochloric acid warmed 
to 75°C is added a 30% sodium cyanide solution until the pH approaches 
approximately 3-4. At this time 150.0 gm (2.0 mole) of propargyl chloride is 
added dropwise over a 4-hr period. At the same time, more of the aqueous 
30° sodium cyanide is added to keep the pH constant at 3-4. The reaction 
product is later steam-distilled from the catalyst solution, separated from the 
water, dried, and fractionally distilled to afford 96.0 gm (73%), b.p. 60°-67°C 
(95 mm), n2° 1.44~-1.45. This product is contaminated with propargyl cyanide 
and is refractionated to afford pure cyanoallene, b.p. 50°-51.5°C (50 mm), 
n2° 1.4612, Amax 46,500 cm™!, en, 14,200 (methanol). 
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TABLE VI 


DISPLACEMENT REARRANGEMENTS INVOLVING PROPARGYL HALIDES 


Propargyl halide Reactant Product Ref. 
Cie =e RMgBr (CH;),C=C=CR’R - 
Cl 


(FeCl, catalyst) 
where R = C,Hg, n-C,Hg, 
i-C,Ho, t-C,Ho, and CH; 


R,C—C=CH Pyridine or CH;NR; R,C=C=C* AmX~ 7 
i Am 
R,C—C=CR (CH;),CuLi R,C=C=CRCH; : 
b 
CG SoH Cu,Cl,/NH,Cl (CH;),C=C=CHCI 4 
Cl 


“PD. J. Pasto, S-K. Chou, A. Waterhouse, R. H. Shults, and G. F. Hennion, J. Org. Chem. 43, 
1385 (1978). 

>G. F. Hennion, USS. Pat. 3,481,982 (1969). 

*D. F. Pasto, S-K. Chou, E. Fritzen, R. H. Shults, A. Waterhouse and G. F. Hennion, J. Org. 
Chem., 43, 1389 (1978). 

4W_R. Benn, J. Org. Chem. 33, 3113 (1968). 


Some additional examples of the displacement rearrangement involving 
propargyl halides are shown in Table VI. 


D. Displacement Rearrangements Involving Propargyl Alcohols 


Propargyl alcohols may be converted to allenes by several methods, for 
example, (a) through the intermediate formation of propargyl halides which 
are not isolated but react directly with cuprous salts and hydrogen halide 
[60, 72-73] or cyanide [71]; (b) typical alcohol reactions with thionyl chloride 
[74a-d] phosphorus halides [75-77], and miscellaneous reagents (see 
Scheme 3). 

The propargyl alcohols react with trivalent phosphorus halides to give 
allenic phosphorus esters as described in Scheme 3 and Table VII. In the case 
of aryl-substituted alkynols or highly hindered t-propargyl alcohols which 
contain no free acetylenic —H, thionyl halides or phosphorus trihalides yield 
bromo- or chloroallenes [74d]. Thionyl chloride also reacts in a similar fashion 
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SCHEME 3 


HX, CuX 
[60, 72-73] 


PCI; | 


| | ¢ 
as _—_, . 
=C=C—P(OC—C=C —C=C—C—OH 
ase i) | Gon l 
oO 
| 
aq. HBr, CuCN, KCN pe Sc=c=6 CN 
R R,P—Cl, [71] 


(C2Hs)3N (low yields 


Seige OC—C==C [77a-d] from primary 
i it (CoH50)3P + CHI propargy! 
R 178] alcohols) 
>c=c Hl i R | 
poe det >ce=c=c-I 


with a wide variety of unhindered secondary alcohols (structure XV) to give a 
mixture of the chloroallene and chloroalkyne [74a-d]. 


eet 


OH 
(XV) 


Propargyl alcohols also react with the ether of an enol of carbonyls and 
lactones to give allenic carbonyl compounds [79a-d] (Eq. 59). 


is rt 
| 
Pee ee > See eee (59) 
OH OEt O 


Todoallenes are prepared from propargyl alcohols by means of phosphonium 
iodide produced in situ from triphenyl phosphite and methyl iodide. In addi- 
tion, small amounts of the isomeric iodoacetylenes are formed in this process. 

The latter phosphonates can be hydrolyzed under alkaline conditions to 
afford the mono allenic phosphoric esters [76a] (Eq. 60). 
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NaOH, H20 
100°C, 2 hr 


C=CH i] 


—CH—Po| — (60) 


C=CH 
ONa 


Secondary and tertiary propargyl alcohols are directly converted to halo- 
allenes on reaction with concentrated aqueous hydrogen halides in the presence 
of the corresponding cuprous halide [60, 72-73]. (See Table VIII.) Better 
yields are obtained with hydrogen bromide. Hydrogen chloride yields 
chloroallene, propargyl chloride, and the chloro-1,3-diene isomers (Eq. 61). 


(CHsnC—C=CH aq. HCI, CuCl 
OH 


(CH3),—C—C—CHCI + (CHy),C—C=CH + a a ec (61) 
cl CH; 


The chloroallenes are prepared in a similar manner using hydrochloric acid, 
ammonium chloride, cuprous chloride, and copper powder. 


3-10. Preparation of 1-Bromo-3-methyl-1,2-butadiene [60] 


HBr 


a ea —> (CHC CmcH HBr, NH,Br 


CuBr 
OH Br 


ii 
(CH;),C==C=CHBr + trace of CH,=C—CH=CHBr (62) 


To a large bottle are added 470.0 gm (5.6 moles) of 2-methyl-3-butyne-2-ol, 
1000 ml of 48% technical grade hydrobromic acid, 200.0 gm (2.04 moles) of 
ammonium bromide, and 70.0 gm (0.71 mole) of cuprous chloride. The bottle 
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TABLE VII 


REACTION OF TRIVALENT PHOSPHORUS HALIDES WITH ALKYNOL AT —20°C IN THE PRESENCE OF BASE TO GIVE 
ALLENIC ALKYNYL PHOSPHONATES [76a] 


Phosphorus Alkynol 
halide RO-—--H R3N Time Yield B.p., °C 
(moles) (moles) (moles) (hr) Product (%) (mm Hg) 
PCl; HC==C—CH,0H (C2H5)3N 24 CH,=—C=CH—PO(OR), 92 115-116 (0.25) 
0.1 0.3 0.3 
en Pyridine 
a 0.9 18 =CHPO(OR); 49 mp. 78-79 
OH 
0.6 
0.1 HC==C—C(CH;)20H (C,Hs5)3N 4 (CH3),C=C—=CHPO(OR), 90 _ 
0.9 


1.0 


67 


C,HsPCl; 


0.1 HC=C—CH,OH 
0.2 
C=CH 
0.2 Co 
OH 
0.4 
0.17 HC=C—C(CH3)20H 
0.35 
(C2Hs50),PCI 
0.1 HC=C—CH—C;H; 
On 
0.1 
0.1 CsHs—CH—C=CH 
on 


0.1 


0.2 
Pyridine 


0.5 


0.4 


(C2Hs)3N 
0.15 


0.15 


24 


29 


20 


4 


18 


(Co6Hs)(CH,=—C==CH)PO(OR) 


(CsHs) (ncn PO(OR) 


(CsHs)[(CCH3)2—C—C—=CH)jPO(OR) 


C;H;CH=—C—CHPO(OC,H s)2 


C.H;—CH—C—CH—PO(OC;>Hs), 


23 


30 


90 


90 


128-132 (0.3) 


TABLE VIII 


PREPARATION OF ALLENES BY THE REACTION OF ACETYLENIC ALCOHOLS WITH HyDROBROMIC ACID-CuPROUS BROMIDE [73a] 


Alcohol 
(mole) 


HBr 
(ml) 


3-Methylbut-1-yn-3-ol (0.8) 
3-Methylpent-1-yn-3-o] (0.15) 
3-Ethylpent-1-yn-3-ol (0.5) 


3,4,4-Trimethylpent-1-yn- 
3-ol (0.5) 
3-Isopropyl-4-methylpent- 
1-yn-3-ol (0.5) 
3-Isobutyl-5-methylhex- 
1-yn-3-ol 
3-t-Butyl-4,4-dimethylpent- 
1-yn-3-ol (0.1) 
3-Methyloct-1-yn-3-ol (0.25) 


1-Ethynylcyclohexanol (0.5) 


But-1-yn-3-ol (0.5) 
Pent-1-yn-3-o] (0.25) 
Hex-1-yn-3-ol (0.5) 
4-Methyipent-1-yn-3-ol (0.2) 


192 (48%) 
36 (48%) 
124 (45%) 
180 (48 %) 
144 (48%) 
72 (45%) 
36 (48%) 
62 (45%) 
40 (48%) 
180 (48%) 
96 (60%) 


180 (60%) 
72 (60%) 


CuBr NH,Br Cu Temp. /time 
gm gm gm (C/hr) 
40 32 2 30/1 
75 6 0.3 40/3 
28.9 20.0 2.8 40/14 
85 42 6.0 40/2 
68 36 6.0 40/3 
20 12 2.0 40/20 
17 9.0 1.0 25/2 wk 
12.5 10.0 1.3 40/24 
7.0 7.0 1.5 25/6 
72 45 5.0 25/4 
36 24.5 40 25/9 
67 45 5.0 25/10 
27 18 2 25/23 


Product 
(yield %) 


B.p., °C 
(mm Hg) 


1-Bromo-3-methylbuta-1,2-diene 
(77%) 
1-Bromo-3-methylpenta- 
1,2-diene (73 %) 
1-Bromo-3-ethyl-penta- 
1,2-diene (65%) 
1-Bromo-3,4,4-trimethylpenta- 
1,3-diene (78 %) 
1-Bromo-3-isopropy]-4-methy]- 
penta-1,2-diene (82 %) 
1-Bromo-3-isobuty]-5-methy]l- 
hexa-1,2-diene (52%) 
1-Bromo-3-t-butyl-4,4-dimethy]- 
penta-1,2-diene (88 %) 
1-Bromo-3-methylocta-1,2- 
diene (55%) 
Cyclohexylidene vinyl bromide 
(63%) 
1-Bromobuta-1,2-diene (41 %) 
1-Bromo-penta-1,2-diene (569% ) 
1-Bromo-hexa-1 ,2-diene (67 %) 
1-Bromo-4-methylpenta- 
1,2-diene (31 %) 


53-54 (60) 
51.0-52.5 (24) 
74 (30) 

45-47 (5) 
49-50 (6) 

66 (1.7) 

80-81 (6.0) 
68 (1) 

39-41 (0.3) 
62.5-63.0 (168) 
62 (66) 


51,5-52.5 (22) 
60-62 (35) 


§ 3. Rearrangement Reactions 31 


is sealed, shaken at room temperature for 44 hr, opened, and the organic layer 
is separated. The organic layer is washed twice with sodium bicarbonate solu- 
tion, once with a saturated sodium bisulfite solution, dried over calcium chlo- 
ride, and fractionally distilled through a glass-helix-packed column to afford 
500 gm (61 %) of almost pure product (ir 1956 cm7! allene), b.p. 34°C (18 mm), 
n?> 1.5163. The ir showed that the product contained a trace of 1-bromo-3- 
methyl-1,3-butadiene (1580 and 1620 cm~'). 


3-11. Preparation of 3-Chloro-2,2,6,6-tetramethyl-5-phenyl-3,4-heptadiene 


(75b] 
H;C CoHs CH; H;C CgHs ce 
Oey age once + SOCIl, ——> a a gah (63) 
H;C OH CH; es Cl CH; 


To 5.0 gm (0.02 mole) of 2,2,6,6-tetramethyl-3-phenyl-4-heptyn-3-ol is 
added 2.46 gm (0.02 mole) of thionyl chloride. The solution is warmed to re- 
flux, gas is evolved, the solution turns yellow at first and then magenta in color 
after standing for 2 hr. The reaction uxtate is distilled to afford 4.5 gm (83 %) 
of product, b.p. 105°-108°C (2-3 mm), 2° 1.5215, ir absorption at 1961 cm7}. 
The ir spectra of the crude material and that of the distilled material are iden- 
tical. 


The reaction of phosphorus tribromide with the alcohol above has been 
reported by Marvel to give the analogous bromide. The use of phosphorus 
trichloride did not yield the chloride [80]. 


3-12. Preparation of a Cd [74d] 


eee age ee +PCl; ——> a eae 
oe d Gx 
To a flask containing 12.4 gm (0.037 mole) of 1-(a-naphthyl)-1,3-diphenyl- 
2-propyn-|-ol in 50 ml of dry ether is added 2.0 gm (0.015 mole) of phosphorus 


trichloride in 10 ml of ether. The solution is stirred at room temperature for 
2 hr, filtered, the solid washed with dry ether, and dried to afford 6.5 gm (50%), 


m.p. 124°-125°C, ir 1935 cm™ absorption (>c=c=cc) and none at 2240 
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cm7! (—C==C—.). The chloroallene appears to be stable on standing at room 
temperature for at least 2 days. Further stability data are not reported. An 
additional 2.0 gm (15%) of crude product is obtained on concentration of 
the mother liquor, m.p. 118°-120°C. 


The same product is obtained when thionyl chloride and pyridine are used in 
place of phosphorus trichloride [74d]. 


3-13. Preparation of Allene Dipropargyl Phosphonate [76a, b] 


oO 
(CoHs)3N + 
PCI; + 3CH=C—CH,0H rmsd CH,=C=CH—P(OCH,—C=CH )2 (65) 
" r 


A solution of 13.8 gm (0.10 mole) of phosphorus trichloride in 30 ml of 
ethyletheris added dropwise overa 3-4 hr period at — 20°C toa stirred solution 
of 16.8 gm (0.3 mole) of propargyl alcohol, 30.0 gm (0.3 mole) of triethylamine, 
and 100 ml of ether. After the addition, the mixture is stirred for an additional 
hour at 0°-5°C, warmed slowly to room temperature overnight, water is added, 
the ether separated, and the resulting water layer extracted with two 100 ml 
portions of ether. The combined ether layer is washed with two 100 ml portions 
of dilute hydrochloric acid, two 100 ml portions of 10% aqueous sodium 
carbonate, dried, and concentrated under reduced pressure; distillation of the 
residue affords 18.0 gm (92%), b.p. 115°-115°C (0.25 mm). 

In the case of the reaction of propargyl alcohol with R,P—Cl, the inter- 
mediate propargyl phosphate can be isolated. The latter are rearranged by 
slowly removing by distilling the solvent and heating carefully to 90°-100°C 
to effect the rearrangement. 


CAUTION: The rearrangement reaction has been reported to be highly 
exothermic [77a]. If left uncontrolled, the heat of the reaction may cause the 
reaction to occur with explosive force and with ignition of the products. Some 
examples of this rearrangement are shown in Table IX and Preparation 3-14. 


3-14, Preparation of Diethyl Propadienylphosphonate [77a] 


(C2H2)3N 
CH=C—CH,OH + (C,H,0),PCI — (CH=C—CH,0)P(OC,Hs), 


re) 
| 
—> CH,=C=CH—POC,H,), (66) 


To a solution of 156.6 gm (1.0 mole) of diethyl phosphorochloridate in 2 
liters of ether was slowly added a solution of 56.1 gm (1.0 mole) of propargyl 


TABLE IX 


PREPARATION OF ALLENE PHOSPHONATES BY THERMAL REARRANGEMENT OF PROPARGYL PHOSPHITES [77a] 


Time Temp. B.p., °C 
Phosphorus halide Alkynol R,N Solvent — (hr.) (eC) Product (mm Hg) n3> 
O 
(C,H,0),PC! CH=C—CH,OH (C,H,);N Ether 4 0-5 Gq eee ys 90(0.4) ‘1.4544 
90-100 
O 
(C,H,O),PCI CH,C=C—CH,OH cH,ca=c=cuoc,H,, 730.1) 1.4587 
CH; 
(C,H,0),PCI CH,—CH—C=CH Ether 4 90-100 cu,=c=t-——tkoc, 4), 105(1) «1.4514 
bu 
O 
PCI, CH=C—CH,OH (C2H,);N Ether 4 90-100 cH,=c=cu—ocu,ccm), 117 (0.34) 1.4857 
O 
(CH;),PCI CH=C—CH,OH (C,H,);N Ether 4 90-100 CH,=C=CHICH,), (m.p. 58-60°) 
O 
(CH,S),PCI CH=C—CH,OH (C,H,);N Ether 4 90-100 on, =c=cabece,), 100-105 (0.3) 1.5980 
O 


\| 
[(CH;),N],PCl CH=C—CH,OH  (C,H,);N Ether 4 90-100 CH,=C=CHP[N(CH;),]> 85-88 (0.17) 1.5046 
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alcohol (2-propyn-1-ol) and 101.2 gm (1.0 mole) of triethylamine dissolved in 
1 liter of ether while stirring vigorously at 0°-5°C. The addition required 
about 4 hr and the precipitated triethylamine hydrochloride was filtered off, 
the filtrate washed with ether, and the yellow filtrate added dropwise to a 1- 
liter steam bath-heated three-necked flask equipped with a stirrer and 
distillation head. In this way the ether was slowly removed and the diethyl- 
propargyl phosphite (C,H,O),P(OCH,—C=CH) was heated in small 
portions to about 90°-100°C. Afterward the product was analyzed and the ir 
showed strong absorption at 5.0-5.2 and 7.9-8.1 microns, indicating the 
presence of the 1,2-propadienyl (allenyl) and phosphonyl (P=O) groups, 
respectively. The ir showed the absence of absorption at 3.2 and 4.7 microns 
characteristic of terminal acetylenic groups. The product was obtained as a 
colorless liquid with a boiling point of 90°C. (0.4 mm Hg), n2° 1.4544. 

Sequential treatment of an ethynyl alcohol to give the acetate followed by 
reaction with n-BuLi and R;B gives R,B(R)C=C=CR, (allenic borane). 
This can be protonated to either an allene (RCH=C=CR,) or an acetylene 
(RC=CCHR.,) [76c]. 

Some additional examples of the preparation of allenes from various 
propargyl alcohols and their derivatives are shown in Table X. 


E. Rearrangements to Allenes Involving 1,4-Addition to Vinylacetylenes 


The 1,4-addition to the conjugated system of 1,3-alkenynes yields allenes 
in many reactions. When the addition occurs 1,2- or 3,4- acetylenes or dienes 
are produced. Substituents at C,, C2, and C, greatly influence the course of the 
addition reaction [81a, b]. 


An | - 2 ee 
Sete ctl a—> TCC + XK XSC—C=C=C—Z 
I 2 3 4 1 2 3 4 
Hoe aceeee (67) 

ZX =  H—-H  (H;[82a,b] or LiAIH, [83a-c]) 


= Li—R (84a—c] 
= H—X (X = Cl, Br) [85a—d] 
Cl—CH,—OR ____ [86a-d] 
Br—Br (or I—C)) [87a-c] 
H—NR, _ [88a-e] or RNH; [89] 
R;C—Cl (free radical) (90a, b] 


The reaction of R-Liin Eq. (67) allows several reagents(CO,,0,, RCH=O, 
R,C=O, R—CN, CH,—CH2, CsH;COOH, C,H;—NCO, etc.) to react with 
Se 


TABLE X 


PREPARATION OF ALLENES FROM PROPARGYL ALCOHOLS AND DERIVATIVES 


Propargyl alcohol 
or derivative 


Se 
Cc NHR 


TX 
HC=C OF 
oO 
ArC=C—CH,Ar 


AcO C=CH 
NZ 
Cc 
ZN 
R R 


HC=C—CH,0OH 


oH 
R—CH—C=CCH;N*(CH;)3I7 
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SCHEME 4 


| | | 
R—Li + >C=C-C=C— —+ RSC—C=C=C-Li 


| | 
—C=C=C—COOH 


Le é é : C—C,H 
CsHsCOON2a DS ( ors 
O 
CsHsNCO | | | 
L__ a _ > Ro ee CN Cae 


the intermediate lithium alkyl to give other allenic derivatives as shown in 
Scheme 4 [91a-e]. Substituted vinylacetylenes with alkyl groups at C,, C,, and 
C, tend to give more allenic products and less acetylenic products (or 1,3- 
dienes). Unsubstituted vinylacetylenes usually tend to give a mixture of 
products. 

The reactions in Scheme 4 are typical of those for alkyl lithium or Grignard 
reagents. Those shown illustrate the possible utility of this reaction to form 
1,4-substituted allenes. 


3-15. Preparation of 1-Chloro-5-ethoxy-2,3-pentadiene [86c] 


BC! 
CICH,OC,H; + CH»=CH—C=CH ——> 


C,Hs—OCH,CH=C+=CHCH,C!} + C,Hs0CH,CH=C—CH=CH) (68) 
Ci 


To a stainless steel pressure reactor are added 283.5 gm (3.0 moles) of ethyl 
chloromethyl ether (CAUTION: May be extremely carcinogenic.) and 
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3.0 gm (0.0257 mole) of boron trichloride. The mixture is cooled to — 10°C, 
170 gm (3.27 moles) of vinylacetylene is added, and the resulting mixture is 
stirred for 9-10 hr at 5°-10°C while boron trichloride is periodically added. 
The reactor is vented and the product is distilled to afford 36 gm (8.2%) of 
3-chloro-5-ethoxy-1,3-pentadiene, b.p. 56°-57°C (10 mm), n° 1.4772, and 
71.0 gm (16.2%) of 1-chloro-5-ethoxy-2,3-pentadiene, b.p. 70°-71°C, n3° 
1.4792. 


3-16. Preparation of 4-Chloro-1,2-butadiene [86d] 


AIC; 
CH,=CH—C=CH + HCl 


CICH,—CH==C==CH; + ee ia (69) 
Cl 
(77.3%) (3.4%) 


A mixture of 700 ml of concentrated hydrochloric acid and 25 gm 
(0.189 mole) of aluminum chloride is stirred while 120 gm (2.31 moles) 
of vinylacetylene is passed in during 4 hr at room temperature. The upper 
organic layer is separated, washed with water, dried, and distilled to afford 
158 gm (77.3 %) of 4-chloro-1,2-butadiene, b.p. 88°-90°C, n¥ 1.4760; 7.0 gm 
(3.4%) of 2-chloro-1,3-butadiene (chloroprene), b.p. 59.4°C, n3° 1.4538; and 
10 gm of a tarry residue. 


Substitution of the AICI, by FeCl;, BCI,, CoCl, or ZnCl, gives similar 
results. The highest yield is obtained with AICI; and ZnCl. 

Carothers and Berchet [85a] reported earlier that 4-bromo-1,2-butadiene 
was prepared in 54% yield by adding 1.0 mole of vinylacetylene to 3.0 moles of 
liquid hydrogen bromide (—50°C) over a 5-7 hr period. In addition, a 36% 
yield of 2,4-dibromo-2-butene was obtained. Carothers [85c] also reported 
that the reaction of vinylacetylene with hydrogen chloride gave no 4-chloro- 
1,2-butadiene when cuprous chloride was the catalyst. Only chloroprene was 
obtained. Separate experiments showed that cuprous chloride-hydrogen 
chloride catalyzes the isomerization of 4-chloro-1,2-butadiene to chloroprene. 
Reaction of vinylacetylene with hydrogen bromide and cuprous bromide 
gives only bromoprene [85b]. 

The reaction of vinylacetylene with amines gives 2,3-butadienylamines as 
described in Table XI and Preparation 3-17 [88a]. 


3-17. Preparation of N,N-Dimethyl-2,3-butadienylamine [88a, b] 
CH)==CH—C==CH + (CH3)2.NH — (CH3),.N—CH,CH=C=CH, (70) 


A | liter, stainless steel pressure reactor containing 540 gm (3.0 moles) of 
25% aqueous dimethylamine is flushed with nitrogen, cooled in Dry Ice, and 


TABLE XI 


PREPARATION OF 2,3-BUTADIENYLAMINES [88a] 


Pressure Temp. Time Yield B.p., °C 
Amine Vinylacetylene® (psig) (°C) (hr) (%) Structure (mm Hg) np? 
(CH;),NH  CH,=CH—C=CH 200 100 10 56 (CH;),NCH,-CH=C=CH, 58-60 1.4477 
(155) 
106.5-107 
(760) 
CH,NH,  CH,=CH—C=CH 200 100 = 10 13. CH,NHCH,CH=C=CcH, 5959.6 1.4468 
(141) 
105-106 
(760) 
(CzHs),NH CH,=CH—-C=CH 200 10015 20 (C,H,);NCH,CH=C=CH, 91-92.5 = 
(147) 
—e — — 
GO NH CH2=CH-C=CH 200 100 10 34 O NCH,CH=C=CcH, 70.5-71.5 1.4917 
\/ (9) 


* CAUTION: Monovinylacetylene polymerizes readily at elevated temperatures and temperature ranges of 90-125°C are preferred. 


§ 4. Condensation Reactions 39 


evacuated. Then 156 gm (3.0 moles) of vinylacetylene at 200 psi is added. The 
reactor is sealed and heated at 100°C for 10 hr. The reactor is then cooled, 
vented, opened, the product saturated with potassium carbonate and then 
extracted with ether. The ether is dried over potassium hydroxide first, then 
over magnesium sulfate, and is later distilled to afford 164 gm (56%), b.p. 
58°-60°C (155 mm), n2> 1.4468. 


‘The use of acetylenic alcohols in place of the vinylacetylene affords allenic 
amino alcohols on condensation with amines [88e]. 


4. CONDENSATION REACTIONS 


The condensation of metalloallenes with various functional compounds to 
give new allenes is a rather unexplored area: 


/ RX \ 7 
C=C=C — Ss -«c=c=C (71) 
\ WA \ 


R = aryl, viny], etc. 
X = halogen 


Preparations of metalloallenes such as allenyllithium [88f, g], allenylcop- 
per [88h, i], and allenylsilver [88j] have recently been reported. The utility of 
the above reaction is illustrated by the examples shown in Table XII. 


TABLE XII 


PREPARATION OF SUBSTITUTED ALLENES BY REACTION WITH METALLOALLENES [88k] 


Reaction 
conditions 
Catalyst Temp. Time Yield 
Allenyl metal RX PdP(C,Hs); Solvent (°C) (min) (%) 
(CH3),C=C=CHLi C,H] 5.0 THF 25 60 <3? 
t-BuCH=C=CHMgCl (Z) BuCH=CHI 4.0 THF 35 120 >98° 
t-BuCH=C=CHCu p-NO,—C,H,I 2.0 THF 45 2 > 98° 


t-BuCH=C=CHZnCl (E)-BuCH=CHI 4.0 THF 45 120 > 984 


* B.p. 93°-95°C (20 mm Hg), n2° 1.5623. 
> B.p. 84°-87° (20 mm Hg), n2° 1.4754. 

© B.p. 110°C (0.001 mm Hg). 

4 Bp. 65°-67°C (1.0 mm Hg), n2° 1.4789. 
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Substituted allenes can be prepared by substitution of the mesylate group. 
For example [881], 


\ R2NH 
C=C=CHCH,0SO,CH, ——> ~\C=C=CHCH,NR, (72) 
CH2Cl2 / 


5. MISCELLANEOUS METHODS 


(1) Reduction of propargylic chlorides with tri-n-butyltin hydride to a mix- 
ture of the corresponding acetylene and isomeric allene [92]. 

(2) Thermal propargyl rearrangement—Claisen rearrangement of propargyl 
vinyl ethers and Cope-type rearrangements of propargyl malonates [93]. 

(3) Pyrolysis of methylenecyclobutanes to a mixture of allene, 1,3- and 1,4- 
dienes [94-97]. 

(4) Pyrolysis of diketene [98, 99]. 

(5) Pyrolysis of pyrazolenines [100]. 

(6) Pyrolysis of esters [101, 102]. 

(7) Pyrolysis of carboxylic acid salts [103]. 

(8) Pyrolysis of bis(hydroxytrimethylammonium)alkanes [104]. 

(9) Wittig synthesis of allenes [105-110]. 

(10) Pyrolysis of hydrocarbons [111], 112]. 

(11) Radiolysis of gaseous isobutylene by °°Co y-rays [113]. 

(12) Propylene cracking [114, 115]. 

(13) Ultraviolet irradiation of methane and ethylene to give allene [116]. 

(14) Addition of diethyllithium and dibutyllithium amides to vinylacetylene 
and vinylalkylacetylenes [117]. 

(15) Treatment of 3-allyl-3-(2-propynyl)-2,4-pentanedione with methyl- 
hydrazine to give condensation and propargyl-allene rearrangement [118]. 

(16) Reaction of 1-bromo-2-butyne with hexylmagnesium bromide to give 
a mixture containing equal amounts of 1-methyl-1-hexylallene and 2-decyne 
[119]. 

(17) Formation of tetrakis(trimethylsilyl)allene by an unusual reaction from 
hexachlorobenzene and derivatives [120]. 

(18) Decomposition of cyclopropyldiazonium ions [121]. 

(19) Allene—carbene reactions with olefins [122, 123]. 

(20) Pyrolytic isomerization of propyne to allene [124, 125]. 

(21) Acetylene-allene isomerization of 1,4-nonadiyne [126]. 

(22) Equilibration of cyclic allenes and acetylenes [127]. 

(23) Pyrolysis of allyl chloride to allene [128]. 

(24) Preparation of tetraalkylallenes by the pyrolysis of 2,2,4,4-tetraalkyl-3- 
hydroxy-3-butenoic acid B-lactones at 150°-550°C [129]. 
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(25) Reactions of atomic carbon with ethylene to produce allene and methy]- 
acetylene [130]. 

(26) Reactions of triatomic carbon with olefins [131]. 

(27) Synthesis of tetramethylallene via the cycloelimination reaction of 
4-keto-3,3,5,5-tetramethylpyrazolinehydrazone using nickel peroxide at room 
temperature [132]. 

(28) Reaction of phosphinalkenes with Schiff bases [133]. 

(29) Synthesis of allenic phosphonium salts and ylids [134]. 

(30) The hydroboration of substituted propargyl halides—a convenient 
synthesis of terminal allenes [135]. 

(31) Displacement rearrangements involving propargyl derivatives: allenes 
from «-acetoxyalkynes [136]. 

(32) Preparation of allenic acetals from unsaturated carbenes [137]. 

(33) Preparation of allenes by the basic reaction of N-nitroso cyclopropyl- 
carbamates [138]. 

(34) Preparation of optically active phenylallene-3-d [139]. 

(35) Preparation of 15-deoxy-16-hydroxy-16-allenyl prostane derivatives 
of the E and F series [140]. 

(36) Preparation of allenes by the reaction of Grignard reagents with 
propargyl ethers in the presence of cuprous bromide as catalyst [141]. 


R’ 
CuBr 
RC=C—CH—OR" + R"MgX ——> C=C=CHR’ (73) 
R” 


(37) Thermal conversion of diketene to allene [142]. 

(38) Preparation of allenes by the condensation of a ketal and a 1,1- 
disubstituted propargyl alcohol [143]. 

(39) Preparation of tetralkylallenes by the pyrolysis of 2,2,4,4-tetralkyl-3- 
hydroxy-3-butenoic acid B-lactones [144]. 

(40) Preparation of dimethyl allene-1,3-dicarboxylate [145]. 

(41) Preparation of allene and methylacetylene from propylene [146]. 

(42) Preparation of allene by cracking propylene and isobutylene in the 
presence of HBr [147]. 

(43) Conversion of aldehydes and ketones to terminal allenes in allylic 
chlorides by reaction with a-silylvinyl carbanions followed by subsequent 
transformation [148]. 

(44) Titanium vinylidene route to substituted allenes [149]. 

(45) Propargylic titanium reagents used for the preparation of allenes by 
condensation with aldehydes [150]. 

(46) Synthesis of cyclic allenic esters [151]. 

(47) Silver perchlorate catalyzed rearrangement of proparyl esters to 
allenes [152]. 
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(48) Allenes by the alkaline treatment of 3-nitroso-4,5,5-trialkyl-2-oxazoli- 
dones [153]. 

(49) Polylithium compounds converted to substituted allenes [154]. 

(50) Preparation of 9-deoxy-9-methylene derivatives of (DL)-16-phenoxy 
and 16-phenoxy substituted prostatriene compounds [155]. 

(51) Preparation of allene from acetone [156]. 
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CHAPTER 2/ ORTHO ESTERS 


1. INTRODUCTION 


Carboxylic ortho esters can be regarded as ester—acetal derivatives of the 
hydrates of carboxylic acids (ortho acids). 


e 
RC—OH+H,0 =. RC—OH (1) 
OH 


The free ortho acids have not been isolated because of their thermodynamic 
instability, and attempts aimed at their detection have not been reported 
[I]. However, the ortho esters are stable derivatives which have the general 
structure I. Related to the ortho esters are derivatives in which the R’, R’, 

OR’ 

R—C—OR’ 
OR” 
R, R’, R’, R” = alkyl or aryl groups 

(D) 
R” =—OR, —OH, —COR. The thio ortho esters have sulfur in place of 
oxygen in the structures above. The orthocarbonates ROC(OR), and C(OR), 
can also be considered ortho esters. 

Other ortho-acid derivatives which will not be considered in detail in this 
chapter are the thio ortho esters, amide acetals, ester aminals, and the ortho 
amides which have the following structures, respectively, RC(SR)3, RC(OR)2- 
NR,, RC(OR)(NR2)2, and RC—(NR3)3. 

The chemistry of ortho acid esters was reviewed earlier by Post [2a] and 
Cordes [2b], and more recently by DeWolfe [3] in a monograph which also 
reviewed the other ortho acid derivatives described above. 

The most important synthetic methods for preparing ortho esters are shown 
in Eqs. (2)-(7). 


oR’ oR 
R‘OH | 2R"OH 
RCN —- R—C=NH,*Cl ——>» R—C—OR’ (2) 
HC! —NH,Cl | 
R’ 
R’ =or#4R’ 
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l HCI 3ROH + ZnCl, 
HCOC,H; + RSH ——> HC(SR); ————>_ HC(OR);+3RSH__ (3) 


HCOOH + 3RSH 


H+ 


RC(OR); + 3R’OH RC(OR’),; + 3ROH (4) 


R—CX,;,+3NaOR’ -————> R—C(OR’), + 3NaCl (5) 
R = H, aryl, halogen, —NO,, —SCI 


RO-CH—X;+2NaOR’ ——» ROCH(OR’); + 2NaX (6) 
(RO),CHX + NaOR’ ——> (RO),CHOR’ + NaX (7) 

Ortho esters are either colorless liquids or solids, depending on their mole- 
cular weight and structure. They are slightly soluble or very slightly soluble 


in neutral to basic water. They are soluble in many organic solvents and de- 
compose under acidic conditions as shown in Eqs. (8) and (9). The ortho ester 


RC(OR’);+ HCl —M——>» RCOOR’+R’OH+R‘Cl (8) 
RC(OR’);+H,O —-#'-+ RCOOR’ +2R’OH (9) 


functional group has characteristic absorption in the infrared spectra at 1100 
cm! forthe C—O stretching band, and the NMR spectrum shows no unusual 
effects. The ortho-ester group does not give any characteristic ultraviolet 
absorption. 

Some areas where ortho esters have found use involve the elucidation of the 
structure proof of polyhydroxy alkaloids [4-8], the protection of the esterified 
hydroxyl groups during chemical transformations of the other parts of the 
molecule [9], the area of pharmacological screening [10], the preparation of 
novel polymers [11a], and the stabilization of organic isocyanates [11b]. 


2. ALCOHOLYSIS REACTIONS 


Alcoholysis of nitriles, of ortho and thio ortho esters (transesterification), 
and of halides is the most common method of preparing the ortho ester func- 
tional groups (see Eqs. 2-7). A less practical method is the addition of alco- 
hols to ketene acetals. The latter method is used only when the other methods 
are not found applicable to the synthesis of specially substituted mixed ortho 
esters. 


50 2. Ortho Esters 


A. Alcoholysis of Nitriles and Imidates 


A useful method for the preparation of ortho esters was first reported by 
Pinner [12], who prepared simple and mixed ortho esters by the reaction of 
alkyl formimidate salts with an excess of alcohols at room temperature; for 
example, see Eq. (10). With ethyl alcohol, the reaction was exothermic and 


HC(=NH,CIOC>Hs + 2C,Hs0H > NH4Cl + HC(OC3H3);_ [12] (10) 


complete in a few hours. However, with amyl alcohol the reaction was not per- 
ceptively exothermic and required 24-48 hr for completion to give the mixed 
ortho ester ethyl diamyl orthoformate [12]. 

Later investigators alcoholyzed imidate salts of other monobasic acids to 
obtain ortho esters of acetic [13, 14], propionic [15], butyric, valeric, caproic, 
isocaproic, benzoic [16], and phenylacetic acids [17]. For the latter alcoholysis 
reactions, the reaction time varies from a few days for the production of methyl 
orthopropionate to six weeks for ethyl orthobenzoate. McElvain reported that 
the reaction time is drastically cut by carrying out the reaction in boiling ether 
[18] or petroleum ether [19]. These conditions provide a reaction temperature 
below the decomposition point of the imidate salt to the amide. 

The synthesis of ortho esters from nitriles is usually a two-step process in- 
volving first the formation of the imino ester hydrochloride and subsequent 
reaction with an alcohol. Several examples are described in Tables I and II. 
Even a glycol such as ethylene glycol can be used to obtain heterocyclic ortho 
esters, as shown in Eq. (11). 


CN 
+ CH,OH+HC! —— 
& 2 O—CH 
C(=NH,CI)OCH;) _Nn#,CI one si : 
ees | ~O—-CH; (11) 
Fea OCH; 


OH OH 


Several investigators have reported a one-step synthesis wherein the imino 
ester is not isolated. Two examples of this method are described in Table I. 

McElvain and Nelson [18] reported that several factors can optimize the 
yield of imino ester hydrochlorides from the nitrile (see Table IIT and Eq. 12) 


0° + ae 
RCN + C,H;OH + HCl+ether —M—> RC(=NH,CI)OC;Hs (12) 


To an ice-cooled solution of the nitrile, in absolute alcohol (see Table III) is 
added dry hydrogen chloride until 1.1 moles has been taken up. The resulting 
solution is allowed to stand at 0°C for the times shown in Table ITI, column 2. 


Temp. 
RCN ROH (°C) 
H CH3 5 
CH3 C2Hs 
CsH;0CH2 C2Hs 5-10 
? 
C,Hs0C—CH2 C2Hs 5-10 
CN—CH2 CH; 5-10 
CIl—CH2 Co6Hs 5-10 
C2Hs CH3 5-10 
CH;—CH CH3 5-10 
CoHs 
n-C3H7 CH3 5-10 
i-C3H7 CH; 5-10 
i-C3H7 CH; 5-10 
n-C4Hyg CH; 5-10 
n-C4Hy CH; 5-10 
n-CsH1 CH; 5-10 
-CsHit CH3 5-10 
CHy 5-10 
CH; 5-10 


TABLE I 


PREPARATION OF ORTHO ESTERS BY ALCOHOLYSIS OF NITRILES 


+ - RC(OR)- 
Time R(C=NH2CIOR Temp. Time (OR’)2 B.p., °C 
(days) (yield %) R’OH Solvent (°C) (days) (yield %) (mm Hg) nb Ref. 
1/8 One-step CH3 CH3;0H 21 3 50 102 1.3770 (25°) 20 
Preparation 
One-step — CHCl; 35-40 4 60-80 70-80 (60) _ 21 
Preparation 
82 C2Hs C2Hs0H 25 28 30 99-100 (1.5) _ 16 
16 93 C2Hs C2H;sOH 80 1 82 120-121 (18) 1.4220 (25) 22 
1 87 CH; CH;0H 65 1 65 98-102 (13) 1.4215 (25) 22 
3 19 C2Hs C2H;sOH 80 1/24 69 78-80 (10) 1.4988 (20°) 23 
2 88 CH; CH;0H 25 6 69 126-128 _ 16 
2 91 CH; CH3;0H 25 3 60 70-71.5 (0.5) 1.4928 (25°) 24 
3 67 CH; CH3;0H 25 28 13 145-157 — 16 
2 99 CH; CH3OH-ether 36 3/4 43 135-136 1.4003 (25°) 25 
14 99 CH3 CH30H- 35 2 10 134-136 _ 19 
pet. ether 
2 63 CH3 CH3;0H 25 28 12. 167-170 1.4090 (24°) 16 
2 19 CH3 CH;OH-ether 35 3/4 19 164-166 1.4090 (24°) 26 
4 15 CH3 CH30H 25 5 40 187-190 —_ 16 
3 71 CH; CH;0H 25 35 9 178-181 _ 16 
14 100 CH3 CH30H- 65 6 58 82-88 1.4432 (25°) 27 
pet. ether 
14 100 Pet. ether 35 2 58 81-82.5 (7) 1.4545 (25°) 27 


CH,—CH2 
| t 


OH OH 


TABLE II 


SOME ADDITIONAL PREPARATIONS OF ORTHO ESTERS BY THE ALCOHOLYSIS OF NITRILES 


B.p., °C 
(mm Hg) 
Temp. Time RC(OR), or Nb 
RCN ROH Solvent Acid (°C) (hr) (yield %) mp.°C (CC) Ref. 
HCN CH,;,OH CI—C,H, HCl —5to —10 3.5 76.6 98-100 = 2 
R=H (760) 
45 12 R’=CH, 
HCN CH,OH CH;0OH HCl 1 to 25 100 50.0 _ _ 
R =H, R’=CH, 
HCN CH,;OH (C,H;),C,H, HCN —10to 0 23 77 
15 6 R =H, R’=CH, _ _— y 
HCN CH;,0H CIC Hs HCN -—20to —15 3 84.9 100 -— @ 
R = H, R’=CH, (760) 
CH,;CN C,H,OH _ HCN —5to0 2 728 _ _ . 
R = CHg, R’ = C,H, 
CH;CN CH;OH (or ROH, — o-Xylene or HCl _ — 90.0 — _ f 
R =C,_3) isooctane R = CH;, R’ = CH; 
RCN R'OH R‘OH HCl 5 1 89 _ _ 9 
R = Me, Et, R’ = Me, Et 20 15 R = CH;, R’=CH; 
Me,CH, 30 15 
cyclohexyl, etc. (pH 3.0, NH;) 


* J, W. Copenhaver, US. Pat. 2,527,494 (1950). 


® J, G. Erickson, U.S. Pat. 2,567,927 (1951). 


°G. Kesslin, A. C. Flisik, and R. W. Handy, U'S. Pat. 3,121,751 (1964); U.S. Pat. 3,258,496 (1966). 

4K. Sennewald, A. Ovorodulk, and H. Neumaler, U.S. Pat. 3,641,161 (1972). 

®Y. Omura, S. Aihara, F. Morii, Y. Tamai, T. Hosogai, Y. Fujita, F. Wada, T. Nishida, and K. Itoi, Japan Kokai 76,108,011 (1976); Chem. Abstr. 86, 
120800h (1977); Y. Omura, F. Yamamoto, K. Kikuchi, T. Kawaguchi, and K. Itoi, Japan Kokai 77,125,108 (1977); Chem. Abstr. 88, 61978p (1978). 

SH. G. Schmidt, G. Davin, and W. Vogt, Ger. Offen 2,645,477 (1978); Chem. Abstr. 88, 1901 16e (1978); also U.S. Pat. 4,182,910 (1980). 

9 Nippon Synthetic Chem. Ind. Co. Ltd., Japan Kokai Tokkyo Koho. 80 87,734 (1980); Chem. Abstr. 94, 83603p (1981). 
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TABLE III 


PREPARATION OF IMINO ESTER HYDROCHLORIDES, RC(OEt)}=NH- HCl 


Reaction Alcohol-nitrile Hydrochloride 
R= time at 0°C to ether ratio’ (yield %) 
CH; 2hr 1:0.5° 85-95 
C,H; 6hr 1:4 85-95 
n-C3H, 4 days 1:4 65-70 
i-C3H, 4 days 1:4 70-90 
n-C4Ho 5 days 1:4 70-80 
i-C4Ho 6 days 1:6 35-40 
CICH, — 1:8? 80-90 


* This is the ratio by volume of the alcohol-nitrile mixture to ether. 
> Tn these runs the ether was added to the alcohol solution of the nitrile 
before the addition of the hydrogen chloride. 
© Reprinted from S. M. McElvain and J. W. Nelson, J. Amer. Chem. 
Soc. 64, 1825 (1942). Copyright 1942 by the American Chemical Society. 
Reprinted by permission of the copyright owner. 


After this time, ether is added in the amounts shown in column 3 for the 
purpose of preventing the formation of a hard cake of the salt. In the case 
of very reactive nitriles such as acetonitrile and chloroacetonitrile it is advisable 
to have the ether present before the hydrogen chloride is added in order to pre- 
vent solidification of the reaction mixture. After allowing the reaction mixture 
to stand for 15-20 hr in a refrigerator, it is cooled to —30°C to hasten crystal- 
lization. The product salt is filtered, washed with cold (—40°C) ether, and dried 
under reduced pressure. The salt at this point should not give an acid reaction 
toward moistened Congo red test paper. 

The ortho esters are prepared as described in Table IV starting with 
0.2 mole of the imino ester hydrochloride and 3.0 moles of absolute alcohol 
(Eq. 13). It will be: 

ether 


RC(=NH,CI)0C)H; + CoH;0H ——> RC(OC)H,); + NH,CI (13) 


noticed from Table IV that where R = secondary alkyl, the yields of ortho 
ester are less than those obtained from the straight-chain alkyl. When two a- 
or f-substituents are present in group R, the yields of ortho ester are only 
20-30% [18, 28]. Steric effects are also important in the synthesis of imino 
esters from aromatic systems [29-31]. 

The chemistry of imidates and their methods of synthesis have been reviewed 
[32]. Imidates are mainly available via the Pinner synthesis, via iminochlorides, 
from amides, from aldehydes and ketones, and via unsaturated systems [32]. 

The most serious competing reaction involved in the conversion of nitriles 
to imino ester hydrochloride is the decomposition of the latter to an amide 
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TABLE IV 
ALCOHOLYSIS OF IMINO EsteR HYDROCHLORIDES, RC(OEt)—NH-: HCl 


i P i RC(OC,H 
Reaction Alcohol- Reaction _ Properties of ROOCAHS)s: 


time ether temp. Yield (%) B.p. 

R (hr) ratio (°C) NH,Cl RC(OEt)3; °C mm 4d?§ nes 
CH3 6 1:1 46 100 75-78 144-146 740 — _ 
C,H; 9 1:2 42 95 75-78 70-72 32 _ —_ 
n-C3H, 18 . 41:3 41 96 60-63 58-59 7 0.875 1.4028 
i-C3H, 24 1:5 39 54 27-30 50-51 7 0.871 1.4002 
n-C4Ho 12 1:3 42 88 59-61 49-50 3 0.873 1.4086 
i-C4H9" 28 1:5 39 56 21-23 $7-59 7 0.869 1.4056 
CICH, 6 1:0 40 89 70-73 68-70 10 — —_ 


* This ester was prepared by Robert L. Clarke. In addition to the ortho ester a 14% yield 
of isovaleramide and a 21% yield of ethyl isovalerate were isolated. 

> Reprinted from S. M. McElvain and J. W. Nelson, J. Amer. Chem. Soc. 64, 1825 (1942). 
Copyright 1942 by the American Chemical Society. Reprinted by permission of the copyright 
owner. 


and an alkyl chloride [28]. This decomposition can be avoided or minimized by 
using low reaction temperatures (preferably below about 60°C). The decompo- 
sition is favored in highly polar solvents [28]. 

When R has two or more «-substituents, the amide is the major reaction pro- 
duct [23, 33]. However, if R carries only one substituent such as an alkyl, 
ethoxy, or halogen, then amide formation is only a minor reaction [23] (Eq. 14). 


RC(=NH,CI)OR ——> RCONH; + RCI (14) 


2-1. Preparation of Methyl Orthoformate (One-Step Synthesis) [20] 


HCN + CH;OH+ HCl ——~ 
+ = 
{HC(=NH.CIOCH3) 


CH30H 


er ~HC@CH;): — (15) 


CAUTION: Extreme care must be exercised in handling HCN. A well- 
ventilated hood must be used. 


Into a flask containing 410 gm (12.8 moles) of methanol cooled to 0°-5°C is 
bubbled in anhydrous hydrogen chloride over a 14 hr period until 55.9 gm 
(1.53 moles) is dissolved. To this cold solution is rapidly (1 min) added an ice- 
cold solution of 202 gm (7.50 moles) of hydrogen cyanide in 600 gm (18.8 
moles) of methanol. The temperature rises to 9°C and then to 25°C over a 
14hr period. When the reaction mixture reaches 25°C, it is occasionally cooled 
to keep the temperature from rising. After 34 hr at 25°C, ammonium chloride 


§ 2. Alcoholysis Reactions 55 


starts to precipitate. After 90 hr at 21°-25°C the reaction mixture is filtered, 
distilled, and then fractionated through a 4 ft column packed with } stainléss 
steel helices to afford 81.0 gm (50.2%), b.p. 102°C, n2> 1.3770, and 11.0 gm of 
high-boiling materials of unknown structure. 


2-2. Preparation of Ethyl Orthoacetate (One-Step Synthesis) [21] 


CH;3CN + 3C2,H;s0H aa CH3;C(OC2Hs)3 + NH,CI (16) 
Into a water-cooled mixture of 1025 gm (25.0 moles) of acetonitrile, 1150 gm 
(25.0 moles) of absolute ethanol and 900 ml of chloroform is slowly bubbled 
913 gm (25.0 moles) of anhydrous hydrogen chloride. The temperature rises 
to 35°-40°C and then is recooled to 20°C. After 48 hr at 20°-25°C, 5 liters of 
absolute ethanol is added and then the mixture is left for 2 days. The precipi- 
tated ammonium chloride is filtered, washed with ethanol, and the filtrate and 
washings added to 20 liters of 5% sodium hydroxide solution. The product is 
extracted with chloroform, concentrated and fractionated under reduced 
pressure to afford 2430-3250 gm (60-80%), b.p. 70°-80°C (60 mm). 


2-3. Preparation of Methyl Orthovalerate (Two-Step Synthesis) [26] 
CyHoCN + CHj}OH+ HC] ~——> 
Pe CH30H 
CyHoC(=NHCI)OCH; ——> CyHsC(OCHs); + NH.C!_ (17) 


Into a flask containing an ice-cold solution of 166.0 gm (2.0 moles) of 
valeronitrile and 90 ml (2.2 moles) of anhydrous methanol in 750 ml of anhyd- 
rous diisopropyl ether is bubbled dry hydrogen chloride until 78 gm (2.2 moles) 
is absorbed. The flask is stoppered, placed in the refrigerator for 48 hr, filtered 
of the white crystals, and the mother liquor concentrated to afford a combined 
yield of 240 gm (79%) of methyl imidovalerate hydrochloride (after washing 
with fresh diisopropyl ether, and drying under reduced pressure). 

To a solution, at room temperature of 151 gm (1.0 mole) of methyl imido- 
valerate in 400 ml of anhydrous methanol is added 1300 ml of anhydrous ether 
and the contents refluxed for 18 hr. The reaction mixture is cooled, filtered of 
the ammonium chloride (48 gm, 90%), concentrated, and the residue fraction- 
ally distilled to afford 129 gm (79%), b.p. 164°-166°C; n3* 1.4090, d?? 0.9413. 
The distillation residue yields 10 gm (10%) of valeramide, m.p. 101°-105°C 
(recrystallized from ethyl acetate-petroleum ether, b.p. 60°-68°C). 


B. Transesterification Reactions of Ortho Esters 


Alcohols react with ortho esters by exchange of their alkoxy groups to form 
new ortho esters. The equilibrium is shifted to the right by removal of the vola- 
tile alcohol (or mercaptan) to give high yields. The reaction is usually, but not 
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necessarily, catalyzed by the Friedel-Crafts type of catalyst (Eq. 18). In some 

cases, only mixed ortho esters are produced, depending on the nature of R’ and 
catalyst 

RC(XR’);+3R’OH = RC(OR’); + 3R’XH (18) 


X=Oors 
R =H, alkyl, or aryl 


R", reaction time, catalyst, catalyst concentration, and efficiency of removal of 
the volatile alcohol or mercaptan. 

The catalysts generally used are sulfuric, hydrochloric, and p-toluenesulfonic 
acids, and the reaction probably involves dialkoxycarbonium ion inter- 


mediates [RC(XR"))]. 

Since the reaction is subject to severe steric limitations, the nature of the R’ 
and R" is very important. The reaction proceeds readily with primary alcohols, 
less readily with secondary, and hardly at all with tertiary alcohols. 

The transesterification of ethyl orthoformate was earlier reported by Hunter 
[34], Post [35], and Mkhitaryan [36] and was developed later into a general 
synthesis by Alexander and Busch [37] (see Table V). 


TABLE V’* 


PREPARATION OF TRIALKYL ORTHOFORMATES BY THE UNCATALYZED 
TRANSESTERIFICATION OF ETHYL ORTHOFORMATE [37] 


Orthoformate B.p., °C 

Starting alcohol (yield %) (mm Hg) ny 
1-Propanol 95.3 96-97 (20) 1.4078 
2-Methyl-1-propanol 86.0 118-120 (22) 1.4122 
2-Propanol 0 — —_ 
2-Methyl-2-propanol 0 ae — 
1-Butanol 86.3 141 (25) 1.4184 
3-Methyl-1-butanol 88.2 81-83 (0.3) 1.4251 
2-Butanol 87.5 115 (23) 1.4141 
1-Pentanol 74.0 101-103 (0.3) 1.4290 
1-Hexanol 771.4 127-128 (0.35) 1.4344 
1-Octanol 8 

Benzyl £ m.p. 8°C 1.5645 
Allyl 4 


* Data taken from Alexander and Busch [37, Table IJ. 

>» Decomposed on distillation. 

© Decomposed on distillation, but the product can be purified by crystallization in cold 
storage (4°-10°C). 

4 Gives a mixture of products difficult to separate by distillation. 
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2-4. Preparation of 2-Butyl Orthoformate [37] 


CH; 

HC(OC;Hs)3; + 3CH;3—CH—CH,CH; ——~> nelod + 3C,H;0H 
GH: 3 (19) 
To a 500-ml flask equipped with 14-inch glass-packed distillation column 
and distillation head are added 74.1 gm (0.5 mole) of ethyl orthoformate and 
128.2 gm (2.0 moles) of 2-butanol. The flask is heated for 24 hr or until the 
ethanol (1.5 moles) is removed. The resulting mixture is distilled under reduced 

pressure to afford 101.5 gm (87.5%), b.p. 115°C (23 mm), 72° 1.4141. 


OH 


Using (+)-(S)-2-butanol having [«]2> +8.402° (optical purity 61.64%) and 
letting it react with methyl orthoformate affords a 67 % yield of 2-butyl ortho- 
formate having [«]2° +28.40° (61.58% optical purity) [38]. 


2-5. Preparation of Ethyl Orthoformate from Ethyl Orthothioformate [39] 


ZnCl2 
HC(SC>Hs)3 oe 3C,H;OH > HC(OC;>Hs)3 a 3C,H;SH (20) 


To a 500-mlI flask equipped as in Preparation 2-4 are added 98.0 gm (0.5 
mole) of ethyl orthothioformate, 92 gm (2.0 moles) of absolute ethanol, and 
2.0 gm of fused zinc chloride. The reaction mixture is heated until 83.7 gm 
(90°%) of ethanethiol is removed by distillation at 35°-37°C. The residue is 
fractionally distilled to afford 49 gm (66%), b.p. 144°-146°C, n3* 1.3971. 


2-Propanol does not react with ethyl orthoformate but reacts with methyl 
orthoformate to give 75° ortho ester when catalyzed by a small amount of 
sulfuric acid [40]. Tertiary butyl alcohol under the catalyzed conditions above 
led to extensive dehydration. Without a catalyst, no reaction occurred in this 
case after a 48 hr heating period. The best procedure is to use acid catalysts 
(H,SO,) during the removal of either methanol or ethanol and then to neutra- 
lize with alkali before distilling. The use of an acid catalyst (H,SO,) gave 
shorter reaction times for the transesterification of ethyl orthoformate with 
yields equal to or higher than that reported in Table V for primary and 
secondary alcohols. 


2-6. Preparation of n-Propyl Orthoformate [40] 
H2SO4 
HC(OC>Hs)3 + 3CH;CH,CH,OH ——> HC(OC3H;);+3C,H;0OH (21) 


To a 500 ml flask equipped as in Preparation 2-3 are added 54.2 gm (0.37 
mole) of ethyl orthoformate, 88.2 gm (1.47 moles) of n-propyl alcohol, and two 
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drops of concentrated sulfuric acid. The mixture is heated, the ethanol (65 mol) 
is distilled over in approximately 3 hr, and the residue is distilled under reduced 
pressure to afford 66.0 gm (95%), b.p. 106°-108°C (140 mm), n2° 1.4058. 


Partial alcoholysis of triethyl orthoformate with tertiary butyl alcohol has 
been reported recently to yield ethyl di-t-butyl and diethyl-t-butyl orthofor- 
mate [41]. 

Alcohols with electronegative substituents in the «-position (phenol [42] and 
hydroxyacetonitrile [43]) undergo only partial alcoholysis with ethyl ortho- 
formate. The use of ethyl orthoacetate also allows only partial transesterifica- 
tion to take place [42, 44]. 

2-Chloroethanol with an electronegative substituent in the B-position gives 
complete transesterification of ethyl orthoformate [44]. 

The transesterification reaction does not involve fission of the C—O bond 
of the alcohol, and therefore optically active secondary alcohols yield optically 
active orthoformates [34, 38, 45-48]. 

The use of 1,2- and 1,3-diols in the transesterification reaction provides a 
means of providing monocyclic ortho esters[49-54]. Cycloalkanediols, cate- 
chol [54c], or acyclic triols result in bicyclic [55] and polycyclic ortho esters 
[56, 57] (Eqs. 22, 23). 


H><0C,H; 


OH Ov ,H 
+ HC(OC,Hs)}| ——> p< + 2C,H;0H 
OH 0” SOC3Hs (23) 


The reaction of trimethylolethane and trimethylolpropane with triethyl 
orthoformate in the presence of BF etherate leads to bicyclic orthoformate 
by a transesterification reaction [58b]. 


CH,—O 
nek S 
CH,—C(CH,OH), + (C,H;0),CH > cere cine + 3C,H,OH 
CH,—O 


(24) 
2-7. Preparation of 2-Methoxy-1,3-dioxolane [58a] 


H,C—OH CH;0~ 


CH—OCH,; ——~> 
H,C—OH CH,0~ : 
H,C—O_ 

| CH—OCH;+2CH3;O0H (25) 
H,C—O~ 
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To a 500 ml flask equipped as previously described in Preparation 2-3 are 
added 106.5 gm (1.0 mole) of methy] orthoformate, 65 gm (1.05 moles) of ethy- 
lene glycol, and | drop of concentrated sulfuric acid. The mixture is heated, the 
methanol (81 ml, 100°) is removed by distillation, and the residue is distilled 
to afford 73 gm (70%), b.p. 129.5°C, nZ> 1.4070. 

Bicyclic ortho esters are also obtained by starting with bicyclic diols and 
ortho esters. For example, the reaction of cis-exo-2,3-norbornanediol with 
triethyl orthoformate and a catalytic amount of benzoic acid gives the 
bicyclic orthoformate ester in 75% yield as a distilled product, b.p. 47°-52°C 
(0.025-0.050 mm Hg) [58c]. 


OH ; OOH 
os + (C,H;0);CH 120°to Corea, ) 


140°C 


The synthesis and hydrolysis of other bicyclic ortho esters has also been 
recently reported [58d]. 

Steroids [59-69] and a number of carbohydrates [70-73] also react with 
acyclic ortho esters to give cyclic ortho esters by transesterification. 

Alkyl formates or formic acid and its esters can be converted to trialkyl 
orthothioformates [74-77] which in turn can be converted to trialkyl ortho- 
formates in good yields [78, 79]. It has been reported that acid chlorides of 
higher carboxylic acids can also be converted to trialkyl orthothioformates 
[80], but thus far no reports appear in the literature on attempts to convert 
them to trialkyl ortho esters. 

Since tetraalkyl orthocarbonates are related to the trialkyl orthoformates, 
attempts have been made to apply to them the transesterification reaction con- 
ditions discussed above. Results to date are discouraging. The reaction is 
difficult to drive to completion, and thus only mixtures of orthocarbonates are 
produced [81]. 


C. Alcoholysis of Trihalomethy! Compounds and a-Halo Ethers 


The reaction of trihalomethyl compounds lacking an «-hydrogen atom with 
alkoxides or phenoxides affords trialkyl and triaryl orthoformates, trialky] 
orthobenzoates, and tetraalkyl orthocarbonates (Eq. 27). Most of these re- 


R’CCl; + 3NaOR —— [R’CCI,0R] ——> [R’CCKOR),] ——> R’C(OR), (27) 


R’ = H [35, 82-88], alkyl [89-92], aryl (25, 93-97], halogen [98-100] 
R = alkyl [85, 10a], chloroalkyl [101b], aryl [102-105] 


actions are thought to occur via carbene intermediates and are a field of 
active investigation. 
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When R’ = NO, [108-110a] or SCI [109], the tetraalkyl orthocarbonates 
are obtained. When R’ = halogen, mainly orthoformates are formed except 
for the recent case describing the reaction of polyfluoroalkanols with carbon 
tetrachloride catalyzed by ferric chloride to give polyfluoroalkyl orthocarbo- 
nates [110b, c] (Eq. 28). 


C13 


Fe 7 
ACHF(CF2),CH2OH + CCly ——> C[OCH(CF2),CHF2},+4HCI (28) 


The yields of orthoformates by the reactions above are usually poor; better 
yields are obtained at elevated temperatures or under special conditions [111]. 

a-Dihaloalkyl ethers [112] and monohaloalkyl ethers [113, 114] also readily 
react with alcoholic alkoxides to give ortho esters. (See Table VI.) The former 
are probably intermediate in the reaction of the trihalomethyl compounds 
with alkoxides as shown in Eq. (27). These reactions are useful in preparing 
mixed ortho esters which can be obtained in most cases only by this method 
(Eqs. 29, 30). 


R’CX,OR + 2NaOR” ——> R’C(OR)(OR’), (29) 
R’CX(OR); + NaOR” ——> R’C(OR),(OR’) (30) 


Alkyl alkoxydichloroacetates undergo a similar reaction with alkoxide to 
give hemiorthooxalates [115, 116]. (See Table VI.) 


ROCX,COOR’ + R°OH ——> ROC(OR’),COOR’ (31) 


2-8. Preparation of Methyl Orthoformate [117] 


solvent 
3NaOCH; + CHCl; ——> HC(OCH;); + 3NaCl (32) 


A mixture consisting of 100 gm (1.85 moles) of powdered sodium methoxide 
suspended in 120 gm of benzene (or crude methyl orthoformate) is heated to 
50°C and then 74 gm (0.62 mole) of chloroform is added dropwise over a | hr 
period, the reaction temperature being kept between 60°-80°C. The precipi- 
tated sodium chloride is removed by filtration and the filtrate distilled to afford 
552 gm (84%), b.p. 103°-105°C, nZ> 1.3770. 

Ethyl orthoformate is prepared in 45% yield by adding sodium metal 
portionwise to a mixture of excess absolute alcohol and chloroform [118]. 
(See Kaufmann and Dreger [118a] for earlier references to this reaction.) A 
recent reference describes this preparation from chloroform with 3 moles of 
EtONa in excess EtOH [118b]. 


TABLE VI 


REACTION OF TRIHALOMETHYL COMPOUNDS AND HALOGENATED ETHERS WITH ALKOXIDES OR CARBOXYLATES TO GIVE 
ORTHO ESTERS OR CARBOXYLATE DERIVATIVES 


Yield B.p., °C 
RCCI; RCChOR RCCKOR)2 RCOONa RONa Product (%) (mm Hg) np (°C) Ref. 
HCCIF, _ —_ _ CH30Na (CH30);CH —~ 98-99 1.377 (25) ¢ 
HCCl; = sd par C2HsONa (C2H50)3CH 45 140-146 1.391 (25) b 
HCCI; _~ _ _ CH3ONa (CH30)3;CH 84 103-105 _ cre 
HCCI; = = = 0-CH3C6H,ONa —_ (0-CH3CsH4O)3;CH 8.1 mp. 96°C = f 
C6HsCCl3 _ - oe C2HsONa Co6HsC(OC2Hs)3 22 108-112 (13) 1.4930 (25) 9 
CHCI,OCH3 = oe CH3;ONa (CH3;0);CH 43 100.5—101 1.3787 (20) h 
CHCI,0CH3 — a C2H50Na (C2Hs50)2(CH30)CH 56 133-134 1.3868 (20) a 
CHClOCH; — — n-C3H7ONa (C3H 7O)2(CH30)CH 58 61.5-62 (11) 1.4010 (20) " 
CHCIhOCH ; — _ cyc!-C6H;,ONa (C6H110)2(CH 30)CH 36 107-109 (0.4) 1.4671 (20) id 
CHCI,0CH3 — _ Cs6HsONa (C6Hs0)2(CH 30)CH 41.5 114 (0.05) 1.5517 (20) n 
CHChOCH3 — CH3COONa _ (CH3COO)2CHOCH3 6t 85 (7) 1.4052 (20) ud 
CHCI,0CH 3 _ C2HsCOONa _ (C2HsCOO)2CHOCH3 61 100-101.5 (12) 1.4136 (20) n 
CHCI20-n-C4Ho — CH3COONa _ (CH3COO)2CHOn-C4Ho 53 111-112 (12) 1.4153 (20) > 
Ov LC Ow LOCH; t 
Cc _ _— C2HsONa Cc 60 123 (tS 1.4943 (20) 
eee Na 07 OC2Hs oo 
NO2CCI; _ -- _ C2HsONa (C2H50)4C 46-49 158-161 1.3905 (25) J 
CIS—CCl3 - _ _ CH30Na (CH30)4C 48 113.5 1.3858 (20) k 
CCl = = = Pech OF TH(CF2)CH2O14C 35 170 (0.008) = ‘ 
E 
— —_ (C6H50)2,CHCI —_ CLyOH (C6H;50)2CH—OCH3 86 145 (3) — mn 
Et3N 
= _ (C,H50)2CHCI —_ C;H,OH (C6Hs50)2CHOC2H 5 84 150 (3) — ™ 
Pyridin 6 
_ — (CsHsO)2CHCI = CcH,OH (C6Hs0)3CH 96 m.p. 77°C — m 
* J, Hine and J. J. Porter, J. Amer. Chem. Soc. 79, 5493 (1957). * H. Gross and A. Rieche, Chem. Ber. 94, 538 (1961). 
> w. E. Kaufmann and E. E. Dreger, Org. Syn. Coll. Vol. 1, 258 (1932). 1H. Gross, J. Rusche, and H. Bornowski, Ann. Chem. 675, 146 (1964). 
© C. Lenz, K. Hass, and H. Epler, Ger. Pat. 1,217,943 (1966). J J. D. Roberts and R. E. McMahon, Org. Syn. Coll. Vol. 4, 457 (1963). 
4 Feldmuehle Papier and Zellstoffwerke A.G., Belg. Pat. 613,988 (1962). « H. Tieckelmann and H. W. Post, J. Org. Chem. 13, 265 (1948). 
€T. A. Weidlich and W. Schulz, Ger. Pat. 919,465 (1954). 'M. E. Hill, D. T. Carty, D. Tegg, J. C. Butler, and A. F. Strong, J. Org. Chem. 
SY. E. Driver, J. Amer. Chem. Soc. 46, 2090 (1924). 30, 411 (1965). 
9S. M. McElvain, H. I. Anthes, and S. H. Shapiro, J. Amer. Chem. Soc. 64, ™ H. Scheibler and M. Depner, J. Prakt. Chem. 7, 60 (1958); Chem. Ber. 68B, 


2525 (1942). 2151 (1935). 
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2-9. Preparation of Ethyl Orthobenzoate [96] 
CsHsCCl; + 3C,H;0H + 3Na ——> CoHsC(OC;Hs) 3 + 3NaCl (33) 


To a freshly prepared solution of 3 moles of sodium ethoxide in 1200 ml of 
absolute ethanol is added dropwise benzotrichloride until 195 gm (1.0 mole) 
has been added. The reaction mixture is stirred for 5-6 hr without heating and 
then refluxed for 11 hr. The salt is filtered off, washed with ether, and the com- 
bined ether washings and filtrate are concentrated. Distillation of the residue 
affords 50 gm (22%), b.p. 108°-112°C (13 mm). The yield is poor, and further 
work is required to ascertain the optimum conditions for this reaction. 
Whether other products are produced in the reaction was not reported in this 
earlier investigation. 


2-10. Preparation of 2,2-Diethoxy-1,3-benzodioxolane [119a] 


0 CCl 
C2H;s0H 
e+ 2C;HONa 
PO SEF 
re) 
Q LOGHs 
Cn + 2NaCi (34) 
6 ~OGHs 


To a flask containing 45 ml (0.77 mole) of absolute ethanol is added portion- 
wise 2.5 gm (0.11 gm-atom) of sodium metal. While stirring vigorously and 
cooling, 9.55 gm (0.05 mole) of 2,2-dichlorobenzo-1,3-dioxolane in 25 ml of 
ether is added dropwise. After 18 hr the salt is filtered off, the filtrate diluted 
with ether, washed with cold water, dried over potassium carbonate, and frac- 
tionally distilled to afford 6.4 gm (60%), b.p. 123°C (15 mm), 72° 1.4943. 

The reaction of trichloroacetonitrile and 4 moles of alkali metal or alkaline 
earth metal salt of alcohols containing at least one a-hydrogen is reported to 
give orthocarbonic acid esters [119b]. 


3. CONDENSATION REACTIONS 


A. Condensation of Alcohols with Substituted Olefins and Acetylenes to Give 
Ortho Esters 


a. ADDITION OF ALCOHOLS TO KETENE ACETALS 


Alcohols add to certain substituted olefins (ketene acetals such as 1,1-di- 
aryloxy-1-alkenes) to form ortho esters [120a—-c]. The reaction has been re- 
ported to be acid-catalyzed [121a, b] but it may be carried out under basic 
conditions [120a-c, 122a, b, 123a, b] without any other catalysts. 


RR’C=C(OR’);+ R°OH ——> RR’'CHC(OR’),OR” (35) 
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The addition of alcohols to ketene acetals allows the synthesis of mixed 
ortho esters (96, 120a—c, 121a, b, 124, 125a, b]. «-Haloaldehydes may be con- 
verted to ortho esters by the following process: (a) acetal formation, (b) de- 
hydrohalogenation, and (c) reaction with alcohols via addition reaction (33). 
In general, the method above, using ketene acetals, is not practical since ketene 
acetals are not readily available and are difficult to prepare. However, the 
method is useful because it allows the synthesis of mixed ortho esters and other 
ortho esters more difficult to synthesize [122-127]. Recently a simple one-step 
synthesis of ketene acetals and ortho esters has been reported (see p. 65). 


3-1. Preparation of Divinyl B-Nitroethyl Orthoacetate [126] 


H+ 
H,C=C(OCH=CH)), + O,NCH,CH,0H ——~ 
CH;C(OCH=CH;),0CH,CH,NO, (36) 


To a 50 ml flask immersed in an ice bath are added 6.0 gm (0.053 mole) of 
ketene divinyl acetal and 2 drops of a solution of hydrochloric acid in nitro- 
ethanol (0.1 gm concentrated HCl/ml nitroethanol). Nitroethanol, 4.8 gm 
(0.053 mole), is added dropwise with stirring, and after 30 min of reaction the 
mixture is distilled under reduced pressure to afford 5.6 gm (52%), b.p. 80°- 
85°C (2 mm), n2> 1.4492. 

The orthoacetate above polymerizes by heating alone or in the presence of 
benzoyl peroxide to give a dark, viscous liquid. A solid polymer, of unknown 
structure, may be isolated by dissolving the latter in acetone and precipitating 
in cold water. 

Divinylethyl orthoacetate is prepared in 80% yield in a similar manner by 
reacting ketene divinyl] acetal and ethanol under acid catalysis at 0°-S°C. (See 
Table VIT [124].) 


b. ADDITION OF ALCOHOLS TO ALKOXYACETYLENES 


Ethoxyacetylene reacts with refluxing ethanolic sodium ethoxide to give a 
44% yield of triethyl orthoacetate [128a]. In addition, aldoximes and 
ketoximes react with ethoxyacetylene to give orthoacetic acid derivatives 
shown in Eqs. (37) and (38) [129]. More work is required to establish the 
generality of this reaction. 


C2H;0- 
HC=C—OC>H; + 2C,H;OH — CH3C(OC:Hs3)3 a0 
ile CH3C(OC,Hs)(ON=CRR’), (38) 
RR‘C=N—OH , 
R=or4#R 


Recently it was reported that the addition of phenol to ethoxyethyne gives 
orthoacetates when catalyzed by Hg(OAc), or ZnCl, [128b]. 


TABLE VII 


REACTIONS OF KETENE ACETALS WITH ALCOHOLS 


Yield B.p., °C Np 
Ketene acetal Alcohol Product (%) (mm Hg) (°C) Ref. 
CH2==C(OCs¢Hs)2 CsH;OH CH3C(OC¢Hs)3 78 148-153 (0.5) oa A 
m.p. 61°-62°C 
CH,=C(OCH==CH)2), C,H;0H CH3C(OCH==CH2)2(OC2Hs) 80 144-145.4 1.4221 (25) ° 
O,N—-CH2CH,0H CH3;C(OCH=-CH2).(0CH2CH2NO,) 52 80-85 (2.0) 1.4492 (25) 
CH,==C(OCH—CH,0CH;), CH3;—-CHCH2,0CH,; CH3;C/OCH-—-CH2,0CH, 74 78-80 (0.25) — 
| | | 
CH; OH ( CH; ) 
CH 3C(OC2Hs)3 52 68-70 (50) — im 
Br—CH=C(OC>Hs)2 C:HsOH | BrCH,C(OC>Hs)3 ie 78-80 (10) - = 


7S. M. McElvain and B. F. Pinzon, J. Amer. Chem. Soc. 67, 650 (1945). 
>S. M. McElvain and A. N. Bolstad, J. Amer. Chem. Soc. 73, 1988 (1951). 
°H. Feuer and W. H. Gardner, J. Amer. Chem. Soc. 76, 1375 (1954). 
4w.cC. Kuryla and D. G. Leis, J. Org. Chem. 29, 2773 (1964). 

°S. M. McElvain and P. M. Walters, J. Amer. Chem. Soc. 64, 1963 (1942). 


§ 3. Condensation Reactions 65 


c. REACTION OF 1,1-DISUBSTITUTED OLEFINS WITH ALCOHOLS 


Several 1,1-disubstituted olefins with electrophilic groups react with alcohols 
to undergo addition reactions, and with alkoxide ions to undergo substitution 
reactions to afford ortho esters [120a-c, 125a, b, 130-137] (Eq. 39). 


RRC=CX, + ROH + 2RONa ——> RRCH—C(OR),; + 2NaX (39) 
X = Cl, I, SO.C2Hs, CN 
R = H, alkyl, aryl, fluorine, or X 

These reactions may first form the ketene acetals which react with alcohols 
to give the ortho esters. The generality of these reactions is still unknown; thus 
further research on these methods is required. 

Kuryla and Leis [125a] recently reported that ortho esters are readily pro- 
duced by the slow addition of vinylidene chloride to a sodium f-alkoxy- 
alcoholate, dissolved or suspended in a solvent. The reaction is exothermic and 
produces either the ketene acetal or the ortho ester derivative while sodium 
chloride precipitates (Eq. 40). 


24 
2ROCH,CH,—ONa + CH)==CCl, Sao (ROCH,CH,O),C=CH, + NaCl 


ROCH,2CH,0H 
—— + (ROCH;CH;0);C—CH; (40) 


Alcohols used as both reactant and solvent (see Eq. 40). 


Tetrahydrofurfury! alcohol 
2-Ethoxyethanol 
Diethylene glycol monomethyl ether J 
Methoxypropanol-2 | Only ketene 
acetal isolated 


Only ortho ester 
isolated 


CH;,0H 
CH;CH,OH 
CH;CH,CH,CH,OH 


CH;CH,CH—CH; \ No reaction 
| 


OH | 


Earlier, Ruh [120a] reported a similar reaction for 1,2-dichloro-!,2-difluoro- 
ethylene on reaction with sodium ethoxide to give ethyl chlorofluoroortho- 
acetate (Eq. 41). 


FCIC=CCIF + NaOC,H; + C,H;0H — (C,Hs0);C—CHFCI + C,H;0CF==CFCI 
(41) 
B. Halogenation of the Acyl Substituents of Ortho Esters 


In the presence of pyridine, direct bromination of ortho esters having one or 
more «-hydrogen atoms affords a-bromo or dibromo ortho esters. (See Table 
VIII.) The bromo esters can be converted to the iodo esters by heating the 


TABLE VIII 


REACTION OF BROMINE WITH ORTHO ESTERS 


Ortho ester Br2 Pyridine Yield B.p:, °C Np 
(moles) (moles) (moles) Product (%) (mm Hg) (°C) Ref. 
CH3C(OC>Hs)3 (0.25) 0.25 0.25 BrCH,C(OC2Hs)3 74 77-719 (9) 1.4393 (25) « 
CH3C(OC>Hs); (1.0) 2.0 2.0 Br,CHC(OC;Hs)3 53 102-104 (8) 1.4691 (25) 7 
C3;H;CH2C(OCHS); (1.0) 1.0 1.1 C3;H,CHBrC(OCH3)3 79 92-93 (15) 1.4507 (25) € 
* F, Beyerstedt and S. M. McElvain, J. Amer. Chem. Soc. 59, 1273 (1937). 


>S. M. McElvain and P. M. WALTERS, J. Amer. Chem. Soc. 64, 1963 (1942). 
¢S. M. McElvain, R. E. Kent, and C. L. Stevens, J. Amer. Chem. Soc. 68, 1922 (1946). 
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former with an alcoholic solution of sodium iodide. These halogenated 
ortho esters react with magnesium metal to give a nondistillable mixture. From 
ethyl orthobromoacetate and magnesium there were obtained 29% ethyl 
bromide, trace amounts of ethyl alcohol, ethyl acetate, and mainly a non- 
distillable residue (Eq. 42). 


RR’‘CHOR’);+ Br, 224iPe, _ RR’CBrC(OR”); 


afR’ = 1am [na Mg (42) 
R—CBr,(OR”); RR’/CIC(OR”); nondistillable 
residue 
Meg (polymer ?) 


3-2. Preparation of Tri(2-ethoxyethyl) Orthoacetate [|25a] 


2C,;H;OCH,CH,ONa + CH,=CCi, —C2HsOCH2CH20H 


(C,Hs;0CH,CH20)3;CCH3 + 2NaCi (43) 


To a flask containing 1000 gm (11.1 moles) of 2-ethoxyethanol under a 
nitrogen atmosphere is added portionwise 100 gm (4.35 gm-atoms) of sodium 
metal. The resulting sodium alcoholate solution is warmed to 100°C, and 250 
gm (2.58 moles) of vinylidene chloride is slowly added with rapid stirring. The 
reaction is exothermic and the temperature rises to 160°C while sodium chlo- 
ride is being precipitated. The reaction mixture is filtered and the salt is washed 
with ether and dried to afford 230 gm (91 %). The filtrate is concentrated and 
the residue distilled under reduced pressure to afford 362 gm (56.6%), b.p. 
98°-100°C (0.5 mm). 


3-3. Preparation of Ethyl Orthobromoacetate [138] 
CH;C(OC3Hs)3 + Br) + CsHsN ——> Br—CH,C(OC,H;)3 + CsHsNHBr (44) 


To a stirred mixture of 20.8 gm (0.25 mole) of pyridine and 40.5 gm (0.25 
mole) of ethyl orthoacetate is added dropwise 40 gm (0.25 mole) of bromine 
over a period of 4 hr while the temperature is kept at 10°C. The pale yellow 
brominated ester is filtered, the pyridine hydrobromide washed with ether, 
the ether washings combined with the bromo ester and then distilled to afford 
44 gm (74%), b.p. 77°-79°C (9 mm), nZ> 1.4393, d23 1.2639. A small amount of 
ethyl orthodibromoacetate, b.p. 102°-104°C (8 mm), 2° 1.469, d22 1.5272, is 
also isolated. 
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Using 2 moles of bromine and 2 moles of pyridine per mole of ethyl ortho- 
acetate, a 53% yield of ethyl orthodibromoacetate can be isolated [123a]. 


4. ELIMINATION REACTIONS 


Elimination Reactions Involving the Alkoxy Substituents of Ortho Esters 


Alkoxy substituents containing reactive groups can also undergo elimination 
reactions. For example, 2-chloroethyl groups can be converted to 2-vinyl 
groups [124, 139]. The 2-chloroethyl group can also react with a variety of 
groups such as trimethylamine to give quaternary salts [140]. (See Eqs. 45, 
46.) 


RR’CHC(OCH,CH,2Cl)} ———> RR’CHC(OCH=CH)); (45) 


MCHON RR’CHIOCH)CH3N(CH3)3]; 3Cl- (46) 
Stettler and Reske reported that potassium t-butoxide is an effective base 
for the dehydrohalogenation reaction [139b]. 


5. REDUCTION REACTIONS 


A. Reduction Reactions Involving the Acyl Substituents of Ortho Esters 


The ortho ester function is quite stable under neutral and basic conditions 
and is resistant to catalytic reduction [141]. However, acyl substituents with 
acid chloride [142] are reduced to aldehyde, and unsaturated centers [143-145] 
are saturated. The acyl side chain can also undergo the usual addition and 
substitution reactions without affecting the ortho ester function [145-147]. 
(See Eqs. 42, 47-49, and Table VIII.) 


LiAIH(O-t-Bi 
CI-COCH,—C(OR)3_ OB OCH—CH,C(OR); (47) 


RCH=CH—CH;C(OR); seats RCH,CH;CH,C(OR); — (48) 
2 
a 
R’CH,C(OR’)3 + RCCCHO ——» RC—CH—CHR’C(OR"); (49) 


Cl OH 
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5-1. Preparation of 1-Methoxy-2,10-dioxabicyclo[4.4.0]decane [144] 


O O 
is 
OCH;+H, ——> OCH; (50) 
Oo O 


To a glass pressure bottle are added 275 gm (1.62 moles) of 1-methoxy-2, 10- 
dioxabicyclo[4.4.0]-3-decene and 2 tablespoons of W-7 Raney nickel [148] 
which has been washed free of ethanol with anhydrous ether. Over a 24 hr 
period a hydrogen atmosphere is maintained at 1-3 atm. The catalyst is 
removed by centrifugation, washed with ether, and the combined organic 
layer distilled to afford 268 gm (96.3%), b.p. 38°C (0.1 mm), n2> 1.4653, d2° 
1.087. 


B. Reduction Reactions Involving the Alkoxy Substituents of Ortho Esters 


2-Cyanoethyl groups can be conveniently reduced to 2-aminoethyl groups 
using Raney nickel-hydrogen to give 2-aminoethyl-substituted ortho esters 
[149] (Eq. 51). 


RC(OC,H;),0CH,CH,CN ies RC(OC,H;),OCH,CH,NH, (51) 


6. MISCELLANEOUS METHODS 


(1) Reaction of alcohols with dioxolenium salts [150]. 

(2) Reaction of alcohols with dioxenium salts [151-153]. 

(3) Reaction of alcohols with O-alkyllactonium salts [154, 155]. 

(4) Reaction of formate esters with epoxides to give orthoformates [156, 
157]. 

(5) Preparation of spirocyclic ortho esters by the addition of epoxides to 
y- and 8-lactones using BF, or SnCl, as catalyst [158, 159]. 

(6) Preparation of 2-alkoxy-1,3-dioxolanes and 2-alkoxy-1,3-dioxanes 
from acyloxyarene sulfonates [160-163]. 

(7) Preparation of polycyclic ortho esters and hydrogen ortho esters by 
acylation of diols and triols [164-170]. 

(8) Reaction of dialkoxycarbenes with alcohols to give carboxylic ortho 
esters [171-174]. 

(9) Transesterification of ortho esters using an acid (sulfonated polystyrene) 
ion-exchange resin [175]. 

(10) Addition of ketene acetals to «,8-unsaturated carbonyl compounds to 
give ortho esters [18, 144]. 
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(11) Reaction of 2,2-dichloro-3,3-dimethylcyclopropanone dimethy] ketal 
with trimethyl orthoisobutyrate to give trimethyl «-chloro-8-methylortho- 
crotonate [176]. 

(12) Reaction of 2,2-dichlorocyclopropanone ketals with potassium ¢t- 
butoxide to form dialkyl t-butyl orthopropiolates [176]. 

(13) Reaction of N,N-dimethyl-N-allyl-2,2,3,3-tetrachlorobutylammonium 
bromide with ethanolic sodium ethoxide to give trialkyl orthopropiolate 
(177). 

(14) Reaction of diazomethyl ketone with ketene acetals to form 2,2-di- 
alkoxy-1,2-dihydropyrans [178]. 

(15) Reaction of ketene acetals with nitrones to give 5,5-dialkoxyisoxazoli- 
dines [179]. 

(16) Addition of ketene dimethylacetals to 2,2-dimethylcyclopropane to 
give 1,1-dimethyl-5,5-dimethoxy-4-oxaspiro[2.3]hexene [180]. 

(17) Preparation of «-iminoorthothiocarboxylates [181]. 

(18) Preparation of ortho esters by the reaction of diphenylacetylene, 
chloroform, and ethylene oxide at elevated temperatures in the presence of 
tetramethylammonium bromide [182]. 

(19) Preparation of 1,1-dimethoxy-4-oxoisochroman by the reaction of 
methyl and phenyl o-diazoacetylbenzoates with methanolic HCI [183]. 

(20) Preparation of polycyclic ortho esters by the reaction of 1,2-hydroxy- 
benzene thionocarbonate with trimethyl phosphite [184, 185]. 

(21) Preparation of tetraalkyl orthocarbonates by the reaction of phenyl 
cyanate with alcohols in the presence of acids [186]. 

(22) Preparation of polycyclic orthocarbonate by reaction of 2,2-dihydroxy- 
biphenyl with thiophosgene [187]. 

(23) Preparation of tetramethyl monoorthooxalate by the oxidation of 
tetramethoxyethylene with oxygen [188]. 

(24) Preparation of tetramethyl thionomonoorthooxalate by reaction of 
tetramethoxyethylene with sulfur in chloroform solution [188]. 

(25) Preparation of 2,7,8-trioxabicyclo[3.2.1]octanes by the oxidation of 
2,7-dioxabicyclo[2.2.1]heptanes with m-chloroperbenzoic acid [189]. 

(26) Preparation of hexamethyl orthomuconate by the electrochemical 
methoxylation of 1,2-dimethoxybenzene [190]. 

(27) Preparation of trimethyl ortholevulinate by the reaction of 2,5-di- 
methoxy-2,5-dihydro-2-methylfuran with methanolic HCl [191]. 

(28) Preparation of trimethyl perfluoroorthocarboxylates by the methyla- 
tion of the sodium methoxide addition products of methy] perfluoroalkanoates 
[192]. 

(29) Thermal decomposition of 1,2,3,4-tetrachloro-7,7-dimethoxy-5- 
phenylbicyclo-[2.2.1]hepta-2,5-diene in the presence of methanol yields 
trimethyl orthoformate [193]. 
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(30) Preparation of peroxy ortho esters by the reaction of trialkyl ortho- 
formates, orthoacetates, orthobenzoates, ketene acetals, and 2-phenyl-2- 
methoxy-1,3-dioxolanes with hydroperoxides or oxygen [194-197]. 

(31) Preparation of acyclic acyloxy ortho esters by the reaction of acid 
anhydrides with trialkyl orthoformates and trialky] orthoacetates [198-200]. 

(32) Preparation of tetraethyl monoortho-2-carbethoxysuccinate by the 
reaction of diethyl maleate with triethyl orthoformate [201]. 

(33) Preparation of 1-p-nitrophenyl-4-p-nitrobenzoxy-2,6,7-trioxabicyclo- 
(2.2.2]octane by the reaction of 2-phenyl-5,5-bis(p-nitrobenzoxymethy])-1,3- 
dioxane with p-nitrophenylhydrazine and acetic acid [202]. 

(34) Preparation of alkoxydiacyloxymethanes by reaction of carboxylic 
acids with alkyl dichloromethy] ethers in the presence of tertiary amines [203]. 

(35) Use of acidic ion-exchange resins for the transesterification of ortho 
esters [175]. 

(36) Formation of mixed ortho esters by a disproportionation reaction 
between two ortho esters [35]. 

(37) Disproportionation reactions of ortho esters [203]. 

(38) Reaction of dihalo- and trihaloacetic acid and «,«-dihalopropionic 
acid with trimethylolethane (2-hydroxymethy]l-2-methyl-1,3-propanediol) to 
give bicyclic ortho esters [204]. 

(39) Reaction of 1,2-diiodoacetylene with ethanolic sodium ethoxide to 
form triethyl iodoorthoacetate in low yield [205]. 

(40) Tschitschibabin synthesis involving the reaction of a Grignard reagent 
with ethyl orthocarbonate [18, 206]. 

(41) Preparation of triethyl orthoacetate by the reaction of ethyl 1, 1-diazido- 
ethyl ether with sodium ethoxide [207]. 

(42) Reaction of 1,2-diaminoethane and 1,3-diaminopropane with 1,2- 
diethoxy-1,1,2,2-tetrahaloethanes in ethanol solution to give heterocyclic 
ortho esters [208]. 

(43) Reaction of 2-chloromethylene-1,3-dioxolane to give ortho esters 
[209]. 

(44) Preparation of 2-(2-chloroethyl)-1,3-dioxolane by the low-temperature 
photochlorination of 1,3-dioxolane in the presence of ethylene oxide [210]. 

(45) Insertion reactions of methylene with methyl orthoformate or 2- 
methoxy-1,3-dioxolane in the gas phase and in solution [211]. 

(46) Preparation of spiro ethercarbonates [212, 213]. 

(47) Preparation of orthocarbonates from thallous alkoxides and carbon 
disulfide [214]. 

(48) Preparation of orthocarboxylic acid ester by reacting trichloromethyl 
isocyanide dichloride with hydroxy compounds [215]. 

(49) A novel method of preparing orthocarboxylates from dithiocarboxy- 
lates and dialkoxydibutylstannanes [216]. 
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(50) Preparation of ortho esters by the electrochemical methoxylation of 


acetals [217]. 

(51) Reaction of methyl perfluoroacetate with sodium methylate followed 
by reaction with methyl sulfate to give CF,C(OCH;), [218]. 

(52) Preparation of m-iodoorthothiobenzoate by the reaction of m-iodo- 
benzoyl chloride with ethanethio and AIC1;. Treatment of the ortho thioester 
with silver nitrate in methanol gives trimethyl m-iodoorthobenzoate [219]. 

(53) Preparation and separations involving chiral ortho esters [220]. 

(54) Synthesis of aryl ortho esters from benzanilide acetals [221]. 

(55) Meerwein ortho ester synthesis [222, 223]. 
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CHAPTER 3/ SULFITES 


1. INTRODUCTION 


The first report on sulfites appeared in 1846, and several synthetic procedures 
were later published in 1858-1859 [1]. The literature contains numerous 
reports on sulfites from 1909 to the present, yet sulfites have not even been 
mentioned briefly in some well-known texts on sulfur chemistry. However, the 
first comprehensive review appeared in 1963 in Chemical Reviews [1]. Sulfites 
are characterized by the structure (I) where R = aryl or alkyl groups. The 


sulfites may have two similar groups, or two different groups. Recently the use 
of sulfites as insecticides [2], pesticides [2], plant-growth regulators [3], and 
plasticizers [4] and their ability to form polyesters when dicarboxylic acids 
react with ethylene sulfite [5] have revived great interest in this functional 
group. For example, 2-(p-t-butylphenoxy) 1-methylethyl-2-chloroethyl sul- 
fite has been reported for insect control on currants [6]. 

Chemical Abstracts refers to sulfites as sulfurous acid esters. Simple esters 
(benzyl, phenyl, ethyl, etc.) are listed as sulfurous acid esters under the names 
of the corresponding hydroxy compound. All mixed esters are indexed sepa- 
rately under the heading “‘sulfurous acid esters.” 

The best methods of preparing sulfites involve the reactions outlined in 


Eq. (1). 


~ — oe 
a << ai du ROH 
| | ~ «=——— soci, —— > ROS=O + HCl (1) 
O_O l 
; cl 
re) 2ROH KOC. 
R‘'OH 
(RO),S=O 
RO 
™~N 
S=O + HCI 
SO, + -C—Co ROW 
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Recently, a brief review of organic sulfites and their reactions has appeared 
[6a]. 


2. CONDENSATION REACTIONS 


A. Reaction of Thiony! Chloride with Alcohols 


Thiony] chloride is known to react with alcohols in the absence of hydrogen 
chloride acceptors to give reactions (2)-(7). Optimization of reactions (2), (3), 


SOC], +ROH —— ROSOCI+ HCI (2) 
ROSOCI+ ROH ——> (RO),SO + HCI (3) 
SOCIl, + 2ROH ——> (RO),SO + 2HCI (4) 
(RO),SO + SOCI, ——> 2ROSOCI (5) 
ROSOC! ——> RC1+SO, (6) 

SOCI, + ROH ——> olefin + 2HCI+ SO, (7) 


and (4) is of primary concern in this section. 

The need for a hydrogen chloride acceptor was shown by Bissinger and 
Kung [7], who found that primary and secondary sulfites decompose to the 
halide if hydrogen chloride is not removed (Eq. 8). The effect of hydrogen 

R2SO;+ HCl ——> RCI+ROH+ SO, (8) 
chloride can be minimized by the following techniques: (a) passage of an inert 
gas through the mixture [7, 8a, b], (b) use of reduced pressure to remove hydro- 
gen chloride [9], (c) use of a solvent in which hydrogen chloride is insoluble 
(CH2Ch, CHCl, CCl4, CsHsCl, and 0-C,H,Cl,) [10], or (d) use of a tertiary 
amine (triethylamine, pyridine, or quinoline) as a hydrogen chloride scavenger 
[11]. 

TABLE I 


CHANGE IN THE PRODUCT RATIOS ON USING VARIOUS AMOUNTS 
OF THIONYL CHLORIDE TO REACT WITH 1.0 MOLE OF 2-OcTANOL [13] 


Thionyl chloride Alkyl chloride Alkyl! chlorosulfinate Sulfite 


(moles) (%) (%) (%) 
he ee Se 

0.5 — = 84 

1.0 Trace 29 43 

2.07 0 50 34 


SS ee 
* 2-Octanol was added to thionyl chloride in this experiment. 
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TABLE II 


PREPARATION OF CYCLIC SULFITES 


socl, R3N Solvent Yield B.p., °C (mm Hg) 
1,2-Diol (moles) (moles) (moles) (ml) (%) orm.p., °C Mp (°C) 


Pyridine CH2Cl, 


Cycloheptane [14] 


cis- 0.1 0.1 0.24 250 4l 90 (0.5) 1.4860 (24) 
trans- 0.1 0.1 0.24 250 38 92 (0.5) 1.4865 (24) 
cis-Indane [14] 0.1 0.1 0.24 250 72 70 _ 
1,4-Anhydroerythrito! [14] 0.1 0.1 0.24 250 55 106-108 — 
Ethane [15] 1.35 1.35 — — 90 86-88 (38) — 
Ether 
1,1-Dimethylol-3-cyclo- 0.274 0.823 0.55 150 59 117-119 (8) _— 
pentene [16] m.p. 49-50 (ether) 
CeHe 
2,3-Dipheny]-2,3-butanediol [17] 0.06 0.15 0.12 120 62 163 (1.3) 1.5752 (24) 
3,3-Diphenyl-2-methyl- 0.06 0.15 0.12 120 57 83-84 —_ 


2,3-propanediol [17] 
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Hydrobenzoin [18] 
meso- 


dl- 


Cyclohexane [18] 
cis-1,2- 


trans-1,2- 
Catechol [19] 


2,2-Dinitro-1,3- 
propanediol [19a] 


Trichioropropylene 
glycol [19b] 


3,4-Dimethyl-3,4- 
hexanediol [19c] 


0.021 


0.093 


0.024 


0.087 


0.17 


1.0 


0.5 


1.0 


0.12 


0.051 


0.34 


0.24 


Ether 


540 83 
Co6He 

420 83 

Dioxane 

100 76 

200 76 

CS, 

230 26 

CICH,CH,Cl 

300 81 
— 100 
Ether 

23 43 


126-128 
84-86 
90 (2.0) 

m.p. 6-8.0 
94-96 (2.0) 

m.p. —15 
137-138 (105 mm) 


m.p. 37-38 


68 (8) 


67-68 (0.6) 


1.4832 (20) 


1.4847 (20) 


1.5500 (25) 
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Gerrard [11] had shown earlier that the slow addition of 0.5 mole of thionyl 
chloride to a mixture of pyridine (1.0 mole) and hydroxy compounds (n-butyl, 
n-amyl, or ethyl lactate—O.1 mole) gives pyridine hydrochloride and good 
yields of the sulfite (see Eq. 4). Primary and secondary alcohols with an aro- 
matic nucleus in the «-position give chlorides in the absence of catalysts [12]. 
For example, diphenylmethanol gives the chloride even at —78°C. Sulfites 
derived from tertiary alcohols are not known. The further addition of thionyl 
chloride converted the sulfite to the chlorosulfinate (see Eq. 5 and Table I). 
On heating, the chlorosulfinate is catalytically decomposed by pyridine hydro- 
chloride to the corresponding alkyl chloride and sulfur dioxide (see Eq. 6). 
Secondary chlorosulfites give olefins even under the mildest conditions [11]. 
The use of excess pyridine reduces the yield of sulfite by the method described 
in Eq. (4). 

Secondary alkyl sulfites are produced if the formed hydrogen chloride is 
removed by carrying out the reaction at reduced pressure (aspirator) [9]. 

Examples of the preparation of cyclic sulfites from 1,2-diols are shown in 
Table II. Other examples involving the preparation of cyclic sulfites are found 
in a recent patent [20]. 


2-1. Preparation of Dibenzyl Sulfite [12] 


2CsHsCH,OH + Socl, PY, (C,HsCH;0),SO (9) 


To a stirred solution of 5.4 gm (0.05 mole) of benzyl alcohol in 4.0 gm (0.05 
mole) of pyridine and 30 ml of ether at —78°C is added dropwise a solution of 
3.0 gm (0.025 mole) of thionyl chloride in 15 ml of ether over a 20-30 min 
period. After 1 hr the mixture is filtered, concentrated under reduced pressure, 
and distilled to afford 11.4 gm (87%), b.p. 152°C (0.4 mm), 2° 1.5590. 


Table III lists the alcohol used, the yields of sulfites obtained, and their 
physical properties in a similar procedure. 


TABLE III* 


PREPARATION OF SULFITES USING PROCEDURE 2-1 


Sulfite B.p., °C Np 
Alcohol (yield %) (mm Hg) (°C) 
2-Phenylethanol 86 162-165 (0.5) 1.5510 (15) 
3-Phenylpropanol 85 185-190 (0.3) 1.5423 (18) 
1-Phenyl-2-propanol 86 158-160 (0.1) 1.8351 (21.5) 


* Data taken from Gerrard and Shepherd [12]. 
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2-2. The Preparation of the Cyclic Sulfite of Phenylethane-1,2-diol [20] 


cha ei Gs +sSocl —-—— eee + HCl (10) 
OH OH 
QO - 
S 
I 
O 


To a flask containing 6.9 gm (0.05 mole) of phenylethane-1,2-diol in 25 ml 
of chloroform is added dropwise at room temperature 5.95 gm (0.05 mole) of 
thionyl chloride. After the initial reaction in which hydrogen chloride is 
evolved, the solution is refluxed for I hr. The solution is cooled, washed with 
water, then with 2% sodium bicarbonate solution, dried, and distilled to afford 
5.7 gm (62%) b.p. 62°-64°C (0.15 mm), n3*-® 1.5421. 


Some other examples of cyclic sulfites prepared by this method are shown 
in Table IV. 


TABLE IV 


PREPARATION OF CycLic SULFITES USING 1,2- OR 1,3-DIOLS 
ACCORDING TO PROCEDURE 2-2 


Physical properties of isolated cyclic sulfite* 


Diol B.p., °C (mm Hg) Mp (°C) 
2,2-Diethylpropane-| ,3- 66 (0.5) 1.4594 (22.5) 
1,1-Diphenylethane-] ,2- m.p. 67.5-68.5 a 
2-Methyl-2-n-propylpropane- | ,3- 110 (18) 1.4530 (26.5) 
2-n-butyl-2-ethylpropane-1,3- 80 (0.4) 1.4611 (22.5) 
2-Methyl-2-phenylpropane-1 ,3- 78-80 (0.07) 1.5412 (23.5) 
2-Ethyl-2-phenylpropane-!,3- 108-109 (0.4) 1.5384 (23) 
2-n-Amyl-2-methylpropane-1 ,3- 60 (0.0) 1.4563 (23) 
2-sec-Amyl-2-methylpropane-1,3- 124.5 (9) 1.4626 (23.5) 
2-Allyl-2-ethylpropane-1 ,3- 120-122 (15) 1.4712 (22.5) 
2,2-Diallylpropane-1 ,3- 81.5-84.5 (0.35) 1.4842 (22.5) 
2-Benzyl-2-phenylpropane-| ,3- m.p. 146-147 — 

(cis isomer) 
m.p. 75.5-76.5 —_ 
(trans isomer) 
1-Benzyl-3-methylbutane 2,3- 128.5-129.5 (0.55) 1.5242 (23.8) 
1-Allyl-1,2-dimethylethane-! ,2- 98 (14) 1.4584 (21) 
1-Ethyl-1-phenylethane-] ,2- 78 (0.1) 1.5280 (21.8) 


* Data taken from Wiggins [20]. 
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2-3. Preparation of the Cyclic Sulfite of Catechol [19] 


OH Ow 
s=O 1] 
ar TS Cre a) 


To a cooled (10°C) stirred solution of 30 gm (0.27 mole) of catechol in 150 
ml of dry carbon disulfide and 42.4 gm (0.54 mole) of pyridine is added drop- 
wise 33.7 gm (0.28 mole) of thionyl chloride in 80 ml of dry carbon disulfide. 
After the addition the reaction mixture is allowed to stand at 10°C for $ hr, 
refluxed for 4 hr, separated from the warm syrupy layer of pyridine hydro- 
chloride, concentrated, and the residue distilled to afford 41 gm (97%), b.p. 
137°-138°C (105 mm). 


2-4. Preparation of the Cyclic Sulfite of trans-Cyclohexane-1,2-diol {14} 


OH oe 
Bi +SOClL —— are ee (12) 


To a flask containing !1.6 gm (0.10 mole) of trans-cyclohexane-!,2-diol and 
18.6 gm (0.24 mole) of pyridine in 200 ml of methylene chloride is added drop- 
wise, over a 2 lir period at 0°C, 23 gm (0.19 mole) of thionyl! chloride dissolved 
in 50 ml of methylene chloride. The pyridine hydrochloride is filtered and the 
methylene chloride solution is successively washed with 0.01 N hydrochloric 
acid, aqueous sodium bicarbonate, and water. After drying over MgSO,, 
distillation affords 11.7 gm (72%), b.p. 72°-75°C (0.1 mm), n4J 1.4245. Earlier, 
Price and Berti [21] reported the same compound with b.p. 94°-96°C (2 mm), 
n2° 1.4817. The cis compound has b.p. 90°C (2 mm), 72° 1.4832, m.p. 6°-8°C. 

The preparation of polymeric sulfites involves the reaction of most diols 
such as diethylene glycol, 1,4-butanediol, 1,1-decanediol, dipropylene glycol, 
and triethylene glycol [14a]. The reaction of 2,2,4,4-tetraethylcyclobutane- 
1,3-diol with thionyl chloride has also been reported to give a polysulfite 
[14b]. Surprisingly, 2,2,3,3-tetrachloro-1,4-butanediol is reported to react 
with thionyl chloride to give the seven-membered cyclic sulfite with a melting 
point of 59°-61°C [14c]. 


B. Reaction of Sulfinyl Chlorides with Alcohols 


Unsymmetrically substituted sulfites are prepared by the reaction of chloro- 
sulfinates with alcohols as shown in Eq. (3). The chlorosulfinates may be pre- 


§ 2. Condensation Reactions 85 


pared by the methods described in Eqs. (13)-(16) [22-23]. 


ROH + SOC], ———> ROSOCI + HCI (13) 
RONa + SOC], ——»> ROSOCI + NaCl (14) 
(RO),SO + PCl; ———> ROSOCI + POC]; + RCI (15) 
(RO),SO + SOC, ——> 2ROSOCI (16) 


An equivalent amount of base is necessary to effect the reaction in Eq. (3). 
Solvents in which the hydrochloride is insoluble helps to give improved yields. 
Otherwise the product may disproportionate into two symmetrically substi- 
tuted compounds [8a] (Eq. 17). 


2(ROXR’O)SO ——> (RO),SO + (R’O):SO (17) 


Some examples illustrating the preparation and yields of unsymmetrically 
substituted sulfites are shown in Table V. 


2-5. Preparation of trans-2-p-Tolylsulfonylcyclohexyl Sulfite [26] 


SO,—CsH,—CH; ¢ SO.—C.Hs—CH, 
Re +CH,;O—SCl]_ ——> CX (18) 
OH OS—OCH; 


| 
O 


(a) Preparation of methyl chlorosulfinate [24]. To a 500 ml three-necked 
flask equipped with a mechanical stirrer, condenser, drying tube, and dropping 
funnel is added 260 gm (2.2 mole) of thionyl chloride. Then 64 gm (2.0 mole) 
of methanol is added dropwise over a 45 min period. The reaction mixture is 
left for 2 days at room temperature and then distilled under reduced pressure 
to yield 199 gm (88%), b.p. 35°-36°C (65 mm). 

(b) Reaction of methyl chlorosulfinate with trans-2-p-tolylsulfonylcyclo- 
hexanol [26]. To 3.8 gm (0.015 mole) of trans-2-p-tolylsulfonylcyclohexanol 
and 1.4 gm (0.0177 mole) of dry pyridine dissolved in 20 ml of ether at 0°C is 
added dropwise 2.0 gm (0.0175 mole) of methyl chlorosulfinate in 10 ml of 
ether. The mixture is stirred for 1 hr at 0°C, filtered, the ether filtrate is washed 
in turn with water, 5% hydrochloric acid, and then 5° sodium hydroxide. 
The dry ether extract is concentrated to give 4.1 gm (82%), m.p. 82°-84°C 
(recrystallized from hexane). 
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TABLE V 


PREPARATION OF UNSYMMETRICALLY SUBSTITUTED SULFITES USING CHLOROSULFINATES 


R—OH 


1-Methyl-2-phenylethanol 
3-Phenylpropanol 
2-Phenylcyclohexanol 

cis- 

trans- 


B-Menthol 
Chlolesterol 


2-Propanol 
Cyclopentanol 
Cyclohexanol 
2-p-Tolylsulfonylcyclohexanol 

trans- 

cis- 
Methanol 
Methanol 
Ethanol 
Propanol 
n-Butanol 
Allyl 


n-Heptanol 


React. 

R’OSOCI, temp. (RO) (R’O)SO B.p., °C (mm Hg) 
R’= (°C) (yield %) or m.p., °C 
CH; 0 754 115-120 (2) 

CH; 10 58° 132-134 (2.5) 

CH; —5 80 148 (1.0) 

CH; -5 75¢ 145 (0.9) m.p. 48-50 
(from pet. ether) , 

CH; 0 80 105-108 (1.0) 

CH3 5 85 m.p. 115-117 
(from ethanol) 

CH; 0 48 48-52 (17) 

CH; 0 44 97-100 (15) 

CH3 0 63 105-110 (17) 

CH; 0 82 m.p. 82-84 

CH; 5 85 m.p. 106-108 

CLHs 0 = 140-143 (760) 

C4Ho 0 = 86-88 (14) 

C4Ho 0 — 94-96 (14) 

CaHo 0 — 102-104 (15) 

CI—CH2CH2 0 — 149-152 (40) 

C49 0 _ 92-93 (18) 

CI—CH,CH, 0 = 103-105 (22) 

C3H7 0 ae 148-150 (18) 


L8 


Lauryl CI—CH,CH, 40 52 168-170 (1) 1.4589 22a 
2-Methoxycyclohexanol CH,OCH,CH, 0 82 115-118 (0.7) —_— 22b 
Propargyl o-Phenylphenoxy 15 78 — 1.5620 22c 
ethoxyethy] (at 25°) 

n-Decanol C2H, 0 — 188-190 (30) — 22 
Methanol CsHsCH2 0 — 137-138 (18) — 22 
Benzyl CoH; 0 —_ 160-161 (30) — 22 
2-Propanol n-C4H9 0 — 99-101 (21) — 22 
Cyclohexanol n-C3H; 0 — 175-178 (60) — 22 
t-Butanol n-C3H, 0 —_ 99-100 (30) _ 22 
Methanol CoHs 0 — 67-68 (0.04) 1.5400 22, 27 
Ethanol Co5Hs 0 — 142-144 (25) — 22 
n-Butanol Co6Hs 0 — 170-173 (20) vos 22 
Ethanol o-CH;—Ce6H, 0 - 145-147 (20) oe 22 
n-Butanol o-CH3;—CgH, 0 — 170-173 (13) we 22 
Methanol m-CH3—C,H, 0 -- 137-140 (25) — 22 
Ethanol m-CH3—Co6H4 0 — 147-150 (25) — 22 
n-Butanol m-CH 3—Cg6H, 0 oe 178-180 (20) — 22 
Methanol p-CH3—-CeH, 0 a 134-136 (20) -— 22 
Ethanol p-CH3—CeH, 0 — 146-149 (20) _ 22 
n-Propanol p-CH;—C,H, 0 — 175-177 (20) — 22 
Ethanol p-Cl—CeH, 0 — 155-158 (25) _— 22 
CyHs p-CI—C,H, 0 a 195-198 (16) _— 22 


* Some di(l-methyl-2-phenylethy!) sulfite was formed in the distillation, b.p. 175° (0.5 mm). 

» Approximately 25°% of di(3-phenylpropyl) sulfite was formed in the distillation, b.p. 221-223°C (2.5 mm), mp 1.5428 (20°C). 

© A solid residue remained in the distillation flask, m.p. 130°-131°C (from methanol), probably di(trans-2-phenylcyclohexyl) sulfite but not 
adequately characterized. 
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C. Reaction of Epoxides with Sulfur Dioxide 


The reaction of alkylene oxides or epoxides with sulfur dioxide to give cyclic 
sulfites is effected by carrying out the reaction at about 150°C for 4 hr at 2000 
atm of SO, [28]. Pyridine is used in small amountsasa polymerization inhibitor. 
In addition, it has been reported that free radical-producing catalysts give 
improved yields and allow the reaction to be carried out at lower temperatures 
[28] (Eq. 19). 


R 
| 
CH,—CH CH,—CH 
XZ +80. ——> | | (19) 
Oo Oo - 

Ss 

II 

oO 


R = CHs, b.p. 68°-78°C (5 mm) 
R = CoHs, b.p. 125°C (15 mm) 


Other examples illustrating the utility of this method are shown in Table VI. 


TABLE VI 


REACTION OF EPOXIDES WITH SULFUR DIOXIDE TO GIVE CYCLIC SULFITES 


Temp. Time Yield  B.p., °C 
Epoxide SO, (°C) (hr) (gm) (mmHg) nb Ref. 


~ 


Ethylene oxide 


25 gm 2000 atm =: 150 4 50 _ _ 28 
Propylene oxide’ 2000 atm 150 4 — 68-70 (5) _ 28 
Styrene oxide* 2000 atm =: 150 4 — 125(15) — 28 
Ethylene oxide? 

200 gm 291 gm 5-10 120 81 53 (12) 1.4470 (20) 29 

0.9 mole 0.9 mole 220 1 — 173 (760) _— 30 

500 gm* 793 gm 106 8 500 — — 31 
Propylene oxide 

2720 gm* 2260 gm 105 12 1870 61 (10) 1.437(22) 31 
Ethylene oxide— 

SO, adduct® _— 80 2 17.5 _— _ 32 

36 gm 


a ee ee 
* Pyridine (1.0 gm) added as a polymerization inhibitor. 
> §(CH2CH2OH), (6.0 gm) added as a catalyst. 
© Activated carbon with silver oxide or Ni-W sulfide catalyst added. 
4 Anion-exchange resin (40-100 gm) added; see U.S. Pat. 2,614,099 (1952). 
¢ Absolute ethanol (62 gm) and 1 gm of FeCl; or TiCl; added. 
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2-6. Preparation of Ethylene Sulfite [28] 


CH,—CH, ae CH.—CH, 
NCS hep. So (20) 
Oo OL - 
S 
I 
Oo 


To a high-pressure vessel of 100 ml capacity are added 25 gm (0.57 mole) of 
ethylene oxide, 1.0 gm (0.0127 mole) of pyridine, and sulfur dioxide of an 
amount sufficient to give 2000 atm at 150°C. The reaction is heated for 4 hr, 
cooled, and vented. The product is distilled to afford 50 gm (82%), b.p. 53°C 
(12 mm), n2° 1.4470. 


NOTE: If the pyridine catalyst is omitted, substantial amounts of dioxane 
are obtained. 

Another reference describes this same synthesis in the absence of catalyst 
using 25 atm in a pressure reactor (pipe coil type) heated at 140°C to give a 
92% yield [28a]. 

Ethylene sulfite polymerized at 0°-5°C in the presence of pyridine to give a 
viscous material in almost quantitative yield [28b]. 

Alkylene oxide-sulfur dioxide copolymers have recently been reported to 
be useful for surface-active agents [28c]. 


D. Reaction of Alcohols with Halogen-Pyridine-Sulfur Dioxide 


Primary and secondary alcohols have been reported to be converted to 
dialkyl sulfites by reaction with iodine (0.5 mole equiv.) in pyridine (1.5 mole 
equiv.) in liquid sulfur dioxide (15 mole equiv.) at room temperature in 
80-95% yield (see Table VIT) [28d]. 


2ROH +I, + pyridine + SO, ———> (RO),SO 


2-7. Preparation of Dinorbornan-2-endo-yl Sulfite [28d] 


2 12—SO2 
-——> 
pyridine S(O) 
20°C 
O J, 


To a high-pressure vessel containing 30 ml of sulfur dioxide and cooled to 
—70°C is added 2.67 gm (0.015 mole) of iodine and 3.84 gm (0.045 mole) of 
pyridine. Then 3.36 gm (0.03 mole) of norbornan-2-endo-ol is added and the 
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temperature kept at 20°C for 12 hr. The reaction is cooled in an acetone-Dry 
Ice bath and then the contents poured into aqueous sodium hydroxide. The 
sulfite product is extracted with ether and the extract then washed with 
hydrochloric acid and saturated brine. The extract is first dried over sodium 
sulfate and then concentrated. The product is isolated by distillation to give 
3.85 gm (95%), b.p. 160°-162°C at 2mm Hg. 

Substitution of bromine for iodine gives lower yields. In addition, tertiary 
alcohols do not give sulfites but give mainly olefins. 


TABLE VII 


CONVERSION OF ALCOHOLS TO DIALKYL SULFITES BY USING REACTION WITH 
IODINE- PYRIDINE-SULFUR DIOXIDE 


Reaction 
ROH time (hr) Yield (%) B.p. (°C) mm Hg 
R= 
C.H, 1 84 156-158 760 
CyHo 1 92 118-120 20 
12 95 159-160 10 
Norbornane-2-endo-yl* 12 95 160-162 2 


*See Preparation 2-7. 


E. Alcoholysis of Sulfites 


The alcoholysis of sulfites such as dimethy] sulfite offers a convenient method 
for the preparation of high-boiling dialkyl sulfites [33]. Earlier, Voos and 
Blanke [8a] reported that dimethyl sulfite is converted to diethyl sulfite in 44 % 
yield. The reaction was shown to be acid-catalyzed and failed when barium 
carbonate was present. However, a patent refers to the use of lithium hydride 
in the transalcoholysis of 2,2-(4,4’-dihydroxyphenyl)propane with diphenyl 
sulfite or di-o-cresyl sulfite [32]. Recently Mehrotra and Mathur [34] reported 
that the alcoholysis reaction proceeds in the absence of catalysts. Their results 
are summarized in Eqs. (21)-(23) and Table VIII. Tertiary butanol did not 


R= CH3, n-C3H2, n-C4Ho, i-C4Ho, and i-CsH1; 


(C,Hs0),SO + ROH ——> (RO)(C,H50)SO + C,HsOH (22) 
R =i-C3H;, s-CgHo 


(CH;0),SO + i-C;H;OH ——> (CH;0)(i-C3H;0)SO+ CH;OH (23) 
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TABLE VIII 


TRANSALCOHOLYSIS OF SULFITES* 


Dialkyl B.p., 

sulfite Yield °C 

(moles) Alcohol Moles Product (%) (mm Hg) 72? 
Ethyl 

0.106 CH; Excess (CH;0).SO 54 121.5 1.4560 

(760) 

0.0326 n-C3H, 0.20 (n-C3H70)2SO 52 65 (9) 1.4016 

0.0407 n-CyHy 0.122 (n-C4Ho0),SO 75 76 (10) 1.4458 

0.0313 i-C4Ho 0.149 (i-C4H,O).SO 79 65 (7) 1.4320 

0.0234 iCsHi, 0.148 (i-C5H),0),SO 80  86(10) 1.4126 

0.030 i-C3H, 0.25 (i-C3H;0)(C,H;0)SO 77 55 (7) 1.4560 

0.045 s-CyHy 0.175 (s-CgHgO)(CpH;0)SO 76 ~—-65 (10) _ 1.4430 
CH; 

0.0833 iC3H, 0.615 (i-C;H,0)(CH30)SO 67 48.(10) 1.4210 


* Data taken from Mehrotra and Mathur [34]. 


react with ethyl sulfite even after prolonged periods of refluxing and careful 
fractionation. 

Another recent reference reports the uncatalyzed reaction of dimethyl 
sulfate with diols to give the cyclic sulfite shown in Eq. (24) [34a]. 


CH,OH 


3H 
CeHsCH,OCHT + (CH,0),S=O ae 
CH,OH 
re) fe) 
oF oF 
24 
Ls Crs & 
H +C,H,CH,O 
OCH,C,H, H 


2-8. Alcoholysis of Ethyl Sulfite with n-Propanol to Give Di-n-propyl Sulfite 
[34] 
(CHsCH20),S=O + 2CH;CH2CH20H ~ (CH3CH,CH,0),SO + 2CH;CH2,OH (25) 


To 4.50 gm (0.0326 mole) of ethyl sulfite are added 12.0 gm (0.20 mole) of 
n-propanol and 100 ml of benzene. The reaction mixture is refluxed for 8 hr, 
and during the course of the reaction the ethanol formed is removed as a 
benzene-ethanol azeotrope boiling at 68°C. The remaining liquid is further 
distilled under reduced pressure to afford 3.0 gm (55%), b.p. 65°C (9 mm), 
ng? 1.4616. Other alcoholysis examples, in which the same conditions are used, 
are described in Table VIII. 
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2-9. Preparation of Erythryl Sulfite [33] 


CH,—CH—CH—CH) + (CH;0),S=O0 ——» CH,=CH—CH—CH, + 2CH;0H 
H Oo Oo 
OH O (26) 


A mixture of 22.0 gm (0.20 mole) of dimethyl] sulfite and 17.6 gm (0.20 mole) 
of erythrol (3-butene-1,2-diol) is heated to 120°C, whereupon a reaction com- 
mences which, within 20 min, yields 13.6 gm of methanol, b.p. 65°-66°C. The 
residue is distilled under reduced pressure and affords 18.2 gm (86%) of 
erythryl sulfite, b.p. 56°-68°C (3 mm), n3° 1.4588. 


3. MISCELLANEOUS METHODS 


(1) Oxidation of sulfur monoxide diethyl acetal with ozone [35]. 

(2) Reaction of disodium alkoxides with thionyl chloride [36]. 

(3) Reaction of diazo compounds with sulfur dioxide [37]. 

(4) Preparation of diethyl sulfate by the reaction of ethylene with SO, + 
H,0 using an Ag,SO, catalyst. Other catalytic methods are also described 
[38]. 

(5) Preparation of sulfites of B-halo alcohols by reaction of thionyl chloride 
with a 1,2-epoxides [39]. (See Procedure 3-1.) 

(6) The reaction of sulfur monochloride with 1,2-epoxide to give B-chlori- 
nated symmetrical sulfites [40]. 

(7) Reaction of an ether of glycidol with thionyl chloride to prepare 
bis(chloroalkyl) sulfites [41]. 


3-1. Preparation of Bis(2-chloroethyl) Sulfite [39] 
CH,—CH, 
2\ / — +socl, ——> (CI—CH,—CH,—O),S=O (27) 
oO 


To an ice-cooled flask equipped with a Dry Ice condenser, mechanical 
stirrer, and dropping funnel and containing 135.6 gm (1.15 mole) of thionyl 
chloride is added over a 2.5 hr period 100 gm (2.30 moles) of ethylene oxide 
while the temperature is kept between 10°C and 15°C. The mixture is stirred 
for 1 hr at room temperature and then fractionally distilled to afford 198 gm 
(83%), b.p. 129°-133°C (10 mm), 2° 1.4814. 
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Propylene oxide under similar conditions yields bis(2-chloropropyl) sulfite, 
b.p. 122°-124°C (6 mm), n2° 1.4705, and 1,2-epoxy-3-butene affords bis(2- 
chloro-3-butenyl) sulfite, b.p. 140°-145°C (6 mm), n2° 1.4945. The use of epi- 
chlorohydrin (2-chloropropylene oxide) affords bis(2,3-dichloropropyl) 
sulfite, b.p. 150°-157°C (1 mm), n2° 1.5070. 
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CHAPTER 4 / ENAMINES 


1. INTRODUCTION 


Wittig and Blumenthal [1] in 1927 introduced the term “‘enamine”’ to desig- 
nate the nitrogen analog of the term “‘enol” (structures J and II). The enamine 


fe fe? | 
\N XN 
AN \ /o OK 
enamine enol 
(I) (II) 


structure had been known in the early literature (pyrrole, indole, etc.), but it 
was not until 1954 [2, 3] that the chemical potential of this group was 
emphasized. 

Enamines are capable of resonance, and electrophilic attack may occur at 
either the nitrogen atom or the B-carbon atom [2] (Eq. 1). In most cases 


(A) (B) 


electrophilic attack occurs on the B-carbon atom to yield the quaternary salt 
(A) which is decomposed by water to produce 2-alkyl-substituted ketones as 
illustrated in Eq. (2). 

Owing to the low reactivity of substituted enamines, reaction (2) is useful 
mainly for the preparation of monoalkylated ketones. 

In some instances an intermediate N-alkylation product may be formed 
first; it is then converted to a C-alkylation product. 

Tertiary enamines are the most stable ones and are the main subject of this 
chapter. Secondary and primary enamines tend to revert to the tautomeric 
imino form [4] (Eq. 3). 
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7 C—CoHs on 2CH,CN C_OCG)Hs 


Enamines with a tertiary nitrogen atom may be more basic than tertiary 
amines or enamines with a primary or secondary nitrogen atom [5-9]. The 
presence of «-alkyl substituents increases basicity, whereas 8-alkyl substi- 
tuents decrease basicity [10]. Stamhuis [lla] and co-workers found that the 
morpholine, piperidine, and pyrrolidine enamines of isobutyraldehyde in 
aqueous solutions are 200-1000 times weaker bases than the starting secondary 
amines and 30-200 times less basic than the corresponding saturated tertiary 
amines [1 1a]. For further discussion of enamine basicity see Stollenberger and 
Martin [11]. 


‘ f 
i oe Gal @ 


Enamines are useful intermediates in organic synthesis, and they undergo 
some of the following reactions: alkylation [12a, b], arylation [13], oxidation 
[14], reduction [15], halogenation [16], cyanoethylation [12a, b, 17] (reaction 
with electrophilic olefins is quite general) [12a, b], reaction with ketenes [18], 
isocyanate [19], acylation [20, 31], Michael addition reactions [22], and 
cycloaddition reactions [22a]. Enamines also find use as a protecting group 
in peptide synthesis [23]. Since the hydrolysis of enamines gives ketones in 
good yield, the alkylation of enamines is useful for the preparation of alkyl- 
substituted ketones [12a, b]. 

In addition to the condensation of secondary amines with aldehydes or 
ketones (Eq. 2), the other important methods [24] of synthesizing enamines 
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are briefly outlined in Eq. (4). 


CH—CH2NR, eee Te CH;—CH2—NR,> 
Xx >. 4 


H2 
Hg(OAc)2 


Na pH oRX See 


HC=CH + HNR, CH,—CH—X’ + HNR, 


X = OH, ester, halide, NR2, etc. 
X’ = halide 


Another useful method involves the base-catalyzed isomerization of ter- 
tiary allylamines to cis- and trans-propenylamines (Eq. 5) and this is also 
described in Section 6. 


cae 
CH;=CH—CH,NR; ~s~45"> CH;—CH=CH—NR, (5) 


Enamides and thioenamides are prepared by similar methods and involve 
the condensation reaction of the appropriate amides with aldehydes [24a] to 
give 


X=OorS 


The chemistry of enamines has been described in several reviews [25-29] 
and in a monograph [30]. 


2. CONDENSATION REACTIONS 


A. Condensation of Secondary Amines with Aldehydes and Ketones 


The most widely used method for preparing enamines involves the conden- 
sation of aldehydes and ketones with secondary amines (Eq. 6). In 1936, 
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Mannich and Davidsen [31 ] were the first to describe the reaction of secondary 
amines with aldehydes in the presence of anhydrous potassium carbonate at 
approximately 0°C to give enamines (Eqs. 6, 7). 


—H20 
R—CH,CH=0 + 2HNR’,, ———> RCH,CH(NR,’)» —> 


RCH=CH—NR’,+ R2’NH_ (6) 


Pewee +HNR3 —~> R—C=CHR’ +H,0 (7) 
NR3Z 

Mannich and Davidsen [31] also reported that most of the aldehydes were 

first converted to a diamino intermediate which on distillation afforded the 

enamine. Less successful was the attempt to extend the reaction to ketones. 

Only with the use of calcium oxide at elevated temperatures were the enamines 

directly obtained, but in poor yields. Herr and Hey] [32, 33] found that better 


yields of enamines from ketones can be obtained by the azeotropic removal of 
water in the presence or absence [32, 33, 33a] of catalysts [2a, b, 34, 35] 


R’ H , 
: | catalyst Re. | Pi. 

R.NH + R’—CH,C=O DN-C=CQ_ + H20 (8) 
drying agent R R’ 


where the catalyst is K,CO, [20], CaO [31], BaO [36], p-CH,-C,H,SO3H 
[34, 35], Dowex 50 [37], acetic acid [38], or montmorillonite catalyst KIO 
[39]; and the solvent for azeotropic removal of water is C,H, [32, 33 (less 
preferred because of toxicity)], CH,;C,H, [12a, b] or (CH;),C,H, [12a, b]. 
Solvents for the nonazeotropic removal of water are methanol [40], acetone 
[41], pyridine [40], dimethylformamide [40], or tetrahydrofuran [41]. The 
drying agent consists of molecular sieves [42], calcium oxide [31], calcium 
chloride [43], or calcium carbide [40] (see Table I). 

White and Weingarten [44] recently reported a novel method for converting 
carbonyl compounds to enamines using titanium tetrachloride and the free 
amine (Eq. 9). In this reaction the titanium tetrachloride acts as an effective 


fe) 
| 
ORCHCR’ +6NHR,”+TiCl, ——> 2RCH=C[NR,"]R’ + 4R,”NH,Cl + TiO, 
(9) 


drying agent and as a Lewis acid catalyst to polarize the carbonyl bond. The 
yields of enamines ranged from 55 to 94% when dimethylamine, morpholine, 
or pyrrolidine reacted with ketones. Under the reaction conditions, 2,2,4- 
trimethyl-3-pentanone required several days for any visible reaction and 2,6- 
di-t-butylcyclohexanone was inert. (See Table II). 


§ 2. Condensation Reactions 99 


Several other Lewis acid metal halides are active (AICI,, SnCl,, FeCl, 
AsCl,, SbCl,), but none appeared to be more effective than titanium tetra- 
chloride. 

For the general condensation reaction of secondary amines with ketones to 
yield enamines, pyrrolidine, piperidine, or morpholine is generally used. The 
rate of enamine formation depends on the basicity of the secondary amine and 
the steric environment of the carbonyl group [1 2a, b, 29]. Pyrrolidine, which is 
more basic, usually reacts faster than morpholine. The investigation of 
piperazine, a disecondary amine, has only been reported recently by Benzing 
(45, 46] and Sandler [41]. Surprisingly, the reaction of excess n-butyraldehyde 
with piperazine in tetrahydrofuran at —20°C to 0°C gave mainly N-1-butenyl- 
piperazine [41] (see Eq. 13). 

It has been reported that some aldehydes react with secondary amines to 
give first a diamino derivative (aminal) which then decomposes on distillation 
to give the enamine and the starting secondary amine. Some aromatic alde- 
hydes have been reported to give isolatable carbinolamines first [47]. 

The synthesis of enamines by the reaction of some ketones or aldehydes with 
a secondary amine can lead to saturated by-products when the enamine is 
heated in a nitrogen atmosphere with a catalytic amount of p-toluenesulfonic 
acid [48-50] (Eq. 10). 


(50%) (50%) 


Whether it is true that saturated by-product amines are formed in the reac- 
tions of other aldehydes and ketones needs further investigation. 

Cyclic ketones react faster than the aliphatic ketones in the order: cyclo- 
pentanone > cyclohexanone > higher-membered cyclic ketones. «-Substi- 
tuted ketones give the less substituted enamines, which in turn could be 
alkylated to put a substituent on this position of the ketone [51] (Eq. 11). 


1, R°I, 
RiCH—-C—CHAR + HR’; ——> RiCH—C=CHR Seca RsCH—C—CHR 
0 NR,’ o re Cl) 


Recently [52] it was reported that enamines derived from 2-substituted ketones 
exist as a mixture of the more and less substituted double-bond isomers. The 
isomer ratio is dependent on the various steric and electronic factors of the 
overlap of the lone pair of electrons on the nitrogen and the double bond of the 


TABLE I 


PREPARATION OF ENAMINES BY THE REACTION OF SECONDARY AMINES WITH ALDEHYDES AND KETONES 


B.p., 
RCH—O R’,C—O R”,NH R”,N—C=CO Catalyst Solvent Time Temp. °C , Yield 
(moles) (moles) (moles) ~ (gm) (ml) (hry) (@C) (mm) "> (%) 
K,CO ; Xylene 
CH;—CH—CH=—0O _ (CH3)2.NH  (CH3),C—CH—N(CH;3)2 
(4.4) 150 500 4.0 100 87-88 1.4221 55 
CH; (20°C) 
(4.0) 
Toluene 
aa a 
— N 0 = 150 3.0 120 132-135 1.5346 81 
S aaa ae \ (14) (23°C) 
= (0.5) (0.5) an 
N 
Cyclopenta- | « ) 
= none (1.0) N N PTSA CsH¢ 20°C 
| 
H le 
(1.05) 1.0 375 2.5 80 85-86 1.5147 75 
(CH2)n a) 
> Cyclohexa- L J fe ag! 1.0 375 3.0 80 92-93 1.5223 93 
none (1.0) N N’ (5) 
H 
(1.05) 


(CH2)n 


Ref. 


53 


54 


55 


55 


101 


2-Methylcyclo- 
hexanone 


(1.0) 


2-Phenylcyclo- 
hexanone 
(1.0) 


Cycloheptanone 


(1.0) 


Cyclooctanone 
(1.0) 


= S 


oa 


(1.05) 


= | 


¢ 
OKO 


(1.05) 


=< | 


(1.05) 


x4 | 


OC 


(1.05) 
(CH2)n 


PTSA CoHe 
1.0 375 
1.0 375 
1.0 375 
1.0 375 


40 


20 


20 


20 


20°C 


80 91-92 1.5145 
(5) 


80 125-126 1.5755 
(0.005) 


80 100-102 1.5195 
(5) 


80 113-114 1.5255 
(5) 


53 


73 


42 


60 


55 


55 


55 


55 


(continued) 
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TABLE I (continued) 


RCH=O 
(moles) 


B.p., . 
R’,C=0 “SNH Noo" Catalyst Solvent Time Temp. °C P Yield 
(moles) (moles) RON mi (gm) (ml) (hr) (°C) (mm) 7 (%) Ref. 
* = PTSA 
Cyclononanone H VA 
(1.0) (1.05) 1.0 375 18 80 133-134 1.5270 72 55 
(CH2)n (5) 
OD 'y OO 
| / m.p. 
(0.1) (0.2) —_ 100 80 120° — 92 56 
121°C 
HN 9 
Cyclopentanone \ _/ » 
(450 ml) (350 ml) \ / _ 450 5 80 104-107 — 73 57 


(12) 


£01 


O 


wi 


(0.078) 


1 
C,H;C—C,Hs 
(1.5) 


| 
CH3C—CHs 
(1.5) 


oO 


! 
CH;—C—CH(CH3), 
(1.5) 


N Oo 
po ae 4 
HN O | 
eas s RY, \ = 50 + 80 108-110 — 78 58 
+ (0.07) 
(0.10) { el 
41°-45°C 
s 
PTSA 
fi oN 
HN 0 
ew 4 
(1.5) — 0.1 400 90 — 122125 — 40 59 
(25) 
HN O 
Nf . 
(1.5) _ 0.1 400 9 — 108-110 —- — 59 
HN O 
Nu / 
(1.5) oa 0.1 400 90 — 100-112 — 35 59 


TABLE II 


PREPARATION OF ENAMINES BY THE REACTION OF PROPIOPHENONES WITH CYCLIC AMINES OR DIMETHYLAMINE 


R,O0=0O R,NH 
Conditions: 1.5-2.0 
1.0 equiv. equiv. 
Or 
ener SRO ( J 
= N 
& O ee 


O 
p-CHs—CoHC—CH,CH, ( y 
N 
re) 
H 
O 
p-CI—C,H,C—CH,CH, g y 
i 
H 


fe) 
PNG CHC CHCH, ( y 
N 
fe) 
H 


Catalyst 


Solvent 


Time 


Temp. 


@C) 


p-Toluene- 
sulfonic 
acid 


p-Toluene- 
sulfonic 
acid 


p-Toluene- 
sulfonic 
acid 


p-Toluene- 
sulfonic 
acid 


p-Toluene- 
sulfonic 
acid 


Toluene 


Toluene 


Toluene 


Toluene 


Toluene 


10 days 


8 days 


7 days 


5 days 


141 


111 


111 


111 


Bp. °C 
(mm) 


160-160.5 
(14) 


M.p., °C 


43.2- 


Nb 
(C) 


Yield 
(%) 


53 


42 


54 


Product 


R=H 


eo 


x7 
tl 
I It 
C) « 
Z Z 
| | 


x 
I 
Zz 
o 
| 


be 
J 
z 

| 


E 


SOl 


CoHj—C—CHCH; 


PCICH,—-C—CH:CH 


Conditions: 
0.1 mole 


CoHy—C—CH,CHs 


CoHs—C—CHACH, 


P-CH,CoH,—C—CH,CHs we 


O 


O 


252, 


0.3 mole 


mz 


(CH;),NH 


H 


p-Toluene- 
sulfonic 
acid 


p-Toluene- 
sulfonic 
acid 


0.055 TiCl, 


0.055 TiCl, 


0.055 TiC], 


0.055 TiCl, 


Toluene 2 weeks 


Toluene 


CoH 


CoH 


CsHs 


CoH, 


111 139-139.5 
(10) 


111 174.5-175.5 
(12.5) 


139.5-14.0 
(13) 


117-118 
(35) 


162-163 
(12.5) 


*P. Y. Sollenberger and R. S. Martin, J. Amer. Chem. Soc. 92, 4261 (1970). 


’ W. A. White and H. Weingarten. J. Org. Chem. 32, 213 (1967). 


1.5487 
(26.8) 


1.5592 
(26) 


1.5503 
(28) 


1.5332 


48 


58 


18 


36 


41 


R=H 

R,=( N- 
R=Cl 

R, = « — 
R=H 

ni =| — 

R=H 

Ri = (CH2)3N— 
R=CH, 
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enamine. On the other hand, alkylation of ketones via their anions affords 
substitution on the most substituted carbon position [51]. 

Tables I and IJ give many examples of the preparation of enamines by the 
reaction of secondary amines with aldehydes and ketones. 


2-1. Preparation of Dimethylamino-1-cyclohexene [60] 
? N(CH3)2 


(cH) NE SS + H,0 (12) 


To a flask equipped with a mechanical stirrer and Dry Ice condenser and 
containing 150 gm (3.4 moles) of dimethylamine in 400 ml of anhydrous ether 
are added 150 gm of 12-mesh anhydrous calcium chloride and 196 gm (2.0 
moles) of cyclohexanone. The reaction mixture is stirred for 64 hr at room 
temperature under a nitrogen atmosphere, filtered, the residue washed with 
ether, the ether concentrated, and the residue fractionally distilled to afford 
108.3 gm (52%) of the enamine; b.p. 81°C (35 mm), n2> 1.4851, and 94 gm 
(0.97 mole), b.p. 156°C, nl? 1.4522, of cyclohexanone. The conversion to 
enamine is 83% on the basis of the ketone utilized. 


By a similar method, cyclopentanone reacts with dimethylamine to afford a 
56% yield (or an 87% conversion based on ketone used) of dimethylamino- 
1-cyclopentene, b.p. 85°-86°C (104 mm), 2° 1.4801. 


2-2. Preparation of N-1-Butenylpiperazine [41] 


/ ‘ THF / \ 
HN NH + n-C;H;—CH=O re, H—N N—CH=CH—C)Hs ce 


a ae + polymers (13) 
C.Hs 


To a flask containing 288 gm (4.0 mole) of n-butyraldehyde and cooled to 
—20°C is slowly added a suspension of 172 gm (2.0 moles) of piperazine in 300 
ml of tetrahydrofuran over a period of | hr. The reaction is exothermic and 
the temperature climbs to 35°C for a short time. After the addition, the reac- 
tion is stirred for 1 hr at 0°C, 200 ml of THF is added, stirred for 16 hr at room 
temperature, filtered, the solids washed with THF and dried to afford 221.0 
gm (79%), m.p. 83°-85°C. The filtrate is distilled to afford 55.0 gm (22%, 
based on starting n-butyraldehyde) of 2-ethyl-2-hexenal, b.p. 33°-34°C (0.4 
mm), 7/2 1.4542. Some polymeric residue of high molecular weight remains 
in the flask. 


§ 2. Condensation Reactions 107 


2-3. Preparation of 1-Morpholino-1-cyclohexene (20, 61] 


N 
C) tan 6 234 + H,0 (14) 


To a 500 ml, three-necked, round-bottomed flask equipped with a Dean 
and Stark trap, condenser, and stirrer is added a mixture of 52.5 gm (0.60 mole) 
of morpholine, 49 gm (0.5 mole) of cyclohexanone, 100 ml of toluene, and 0.5 
gm of p-toluenesulfonic acid. The contents are refluxed for approximately 4 hr 
to remove the water of reaction. The product mixture is cooled and then dis- 
tilled to afford 59 gm (71 %) of the enamine, b.p. 117°-120°C (10 mm), n3) 
1.5122-1.5129. Yields of enamine have been reported to vary from 71 to 80%. 


2-4. Preparation of 1-Morpholino-1-isobutene [45, 46] 


© 
CH;—CH—CH=O + « ) —> 0 N—CH=C—CH; (15) 
\_/ | 
CH; N CH; 
H 
To an apparatus similar to that described in Preparation 2-3 and containing 
43.5 gm (0.5 mole) of morpholine is slowly added 72 gm (1.0 mole) of iso- 
butyraldehyde. The reaction mixture is refluxed for about 3 hr until 9 ml of 
water separates and is then distilled to afford 66 gm (93.5%), b.p. 56°-57°C 
(11 mm), 72° 1.4670. 


The following enamines are prepared by a similar method: (a) N,N-di- 
isobuten-1-yl-piperazine, 89%, b.p. 66°-67°C (1.0 mm), m.p. 35°-37°C; 
(b) N-isobutene-1-yl-N-methyl-cyclohexylamine, 75%, b.p. 96°C (19 mm), 
n2° 1.4740; and (c) N-isobuten-1!-yl-N-methylaniline, 87°%, b.p. 50°-53°C- 
(0.1 mm), n2° 1.5578. 


2-5. Preparation of N,N-Dimethylisobutenylamine [53] 
CH ee +(CH3),.NH ——~> (CH;3),.N—CH=C(CH;)2 (16) 
CH; 
To acooled pressure autoclave are added 288 gm (4.0 moles) of isobutyralde- 
hyde, 150 gm of potassium carbonate, 500 ml of xylene, and 200 gm (4.4 moles) 


of dimethylamine. The autoclave is sealed, and rocked, or stirred for 4 hr at 
100°C, cooled, vented, and opened. The liquid is distilled to afford 122 gm ofa 
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forerun, b.p. 53°-87°C, and then 216 gm (55 °%) of the enamine, b.p. 87°-88°C, 
n?? 1.422]. Less xylene and potassium carbonate gave poor results. In addition, 
if the distillation is not carried out immediately after the reaction, lower yields 
of the enamine are possible. 


2-6. Preparation of Methyl(5-dibutylamino )-4-ethyl-4-pentenoate [33a] 


C Hi GH (CH) COOCH, +(C,Hy);NH CaHsC—(CH,), COOCHS 
CH=O CH—N(C,H,), 

To a flask equipped with a Dean & Stark trap is added a solution of 
50.0 gm (0.316 mole) of methyl 4-formylhexanoate and 46.0 gm (0.365 mole) 
of dibutylamine in 100 ml of dry benzene. (CAUTION: Benzene is con- 
sidered a carcinogen and toluene can be substituted in its place.) The solution 
is refluxed for 2 hr to give 5.5 ml of water (96.6% theory). The product is 
recovered by distillation and gives 61.8 gm (72.6%), b.p. 108°-110°C 
(0.2 mm), n> 1.4532. The ir of a film indicated 1747 cm~! (>C=O) and 
1660 cm~' (>C=C<). The NMR in CCl, indicated 63.49 (S, 3; CH;0), 


poe, 
5.12{s, 1, —CH=C_ }. 
x 


B. Condensation of Organometallic Reagents with Ketones 


(CH2)n (CH2)n 
& Ws +R’MgX —> ke "ou a 
NO e N 


R’ 
| R 
R 
(CH2)a (CH2)a 
«+140 sone POL 
ee + H2O + some ee (I 7) 
R k 


Lukes [62] and Craig [63] first reported that N-methyl lactams with five- and 
six-membered rings react with Grignard reagents to yield 1-methyl-2-alky]- 
pyrrolines (n= 1) and |-methyl-2-alkylpiperideines (7 =2) In some cases, 
some 2,2-dialkylated bases are formed as by-products. This method provides 
a route to cyclic enamines [64] difficult to obtain by other methods. For ex- 
ample, |-methyl-2-phenyl-1-azacyclohept-2-ene is synthesized via the reaction 
of N-methylcaprolactam with phenylmagnesium bromide, whereas the 
mercuric acetate oxidation (see Section 4) of 1-methyl-2-phenyl-1-azacyclo- 
heptane gives the open-chain amino ketone [29, 65-68] (Eqs. 18, 19). 
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+ CsH;MgBr -——> Ch 
wo x CoH (18) 


| 
CH; CH; 


He(OA 
Bice Neat CH3N—(CHs);—C—Cols (19) 


7 CeHs H 
CH; 

The larger-ring lactams yield mainly acyclic amino ketones as the sole pro- 
duct [69-74]. 


2-7. Preparation of N-Methyl-2-methylpyrroline [75] 


CH;Mgl + > — | Mal keg 
N~ CH, 
| e Weneere (20) 


| 
CH; 


To a flask containing 2 moles of methylmagnesium jodide in ether is added 
dropwise 99 gm (1.0 mole) of N-methyl-2-pyrrolidone dissolved in 100 ml of 
ether. The reaction mixture is allowed to stand overnight, then hydrolyzed with 
an equivalent of hydrochloric acid, the aqueous layer separated and made 
alkaline with sodium hydroxide. Steam distillation of the aqueous layer yields 
the product, which is dried over potassium hydroxide and then redistilled to 
afford 48.5 gm (50%) N-methyl-2-methylpyrroline, b. p. 130°-131°C. 

The accompanying tabulation shows the N-methyl-2-R-pyrrolines prepared 
by a similar method. 


R B.p., °C (mm) Yield (%) 
Phenyl 105-109 (11) 70 
n-Buty! 86-87 (30) 54 
n-Propyl 176-177 50 


Ethyl 148-149 53 
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2-8. Preparation of N-Methyl-2-[6'-methoxynaphthyl-(2' ) ]-pyrideine [76] 


ont OMgBr 
Ht, 
N 
Cc 


H; OCH; 


2600. 
CH; OCH; 


To adry flask containing 8 gm (0.329 atom) of magnesium turnings, 150 ml 
of dry ether, and a crystal of iodine is added dropwise a solution of 50 gm 
(0.212 mole) of 2-bromo-6-methoxynaphthalene in 150 ml of dry benzene. The 
reaction mixture is refluxed on a water bath and 2 ml of ethyl bromide is added 
every hour for 5 hr. After this time, most of the magnesium has reacted, the 
flask is cooled, and a solution of 37 gm (0.328 mole) of 1-methyl-2-piperidone 
in 100 ml of ether is added dropwise. After the addition, the reaction mixture 
is refluxed for 3 hr, cooled, decomposed with dilute hydrochloric acid, the 
solid hydrochloride of the product, after filtration, reacts with warm aqueous 
sodium hydroxide, is extracted with ether, dried, and distilled to afford 11.0 gm 
(20.6%), b.p. 175°C (2.0 mm). 

The preparation of fulvene enamines by the reaction of sodium cyclopent- 
adienide with dimethyl sulfate complexes of amides or lactams has recently 
been reported by several investigators [77, 78] (Eq. 22). 


c 


H u) 
R2NCH +(CH30),80, ——> >N=C{ (CH;OSO;-)_ ——*> 
R OCH; 
i 
C-< + CH,OSO;Na+CH;OH = (22) 
<< 
NR, 


2-9. Preparation of 1-Methyl-2-cyclopentadienylidene-2,3,4,5-tetrahydro- 
pyrrole [79] 


Na 
[ ie + (CH;0),80,;  —> [ bo —_ 
N 39)2902 ONG {CHs0800" N 


CH; 
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To a stirred flask containing a suspension of 4.8 gm (0.2 mole) of sodium 
hydride in 50 ml of THF under a nitrogen atmosphere is added dropwise 13.3 
gm (0.2 mole) of cyclopentadiene. In a separate flask are mixed 19.8 gm (0.2 
mole) of N-methyl-2-pyrrolidone and 25.2 gm (0.2 mole) of dimethy] sulfate. 
(NOTE: Separately N-methyl-2-pyrrolidone and dimethyl sulfate should be 
anhydrous and should be purified by distillation before reacting with each 
other to form the complex.) The latter mixture is heated for 20 min on a steam 
bath, cooled, and then added dropwise to the cyclopentadienylsodium solu- 
tion at —5°C. After the addition, the reaction mixture is stirred for 2 hr, filtered, 
the filtrate concentrated, and the residue is obtained as a brown oil. On cooling, 
the brown oil solidifies and is recrystallized from cyclohexane to afford pale- 
yellow needles weighing 14.0 gm (50%), m.p. 100°-101°C. 


C. Reaction of Acetylenes with Secondary Amines 


It has been postulated that vinylamine is an intermediate in the catalytic 
condensation of ammonia with acetylene which leads to either acetonitrile or 
2-methy]-5-ethylpyridine, oe on the reaction conditions [80] (Eq. 24). 


NH; + CH=CH —> [cH=CH_NH,| a". CH,CN 


(24) 
Z C2Hs 
i 
H3C~ SN: 


R'R2NH + CH=CH ——> [R!R2N—CH=CH,} =". cH,—CcH—C=CH 
NRIR2 
(25) 


Primary amines react with acetylene to give resinous products. Most 
secondary amines react in the presence of copper acetylide to give 3-amino- 
1-butynes as described in Eq. (25) [81]. The R'R? combinations in R'R2NH 
are shown in the accompanying tabulation. 


R! R2 R! R2 
CH; CH; C;H;CH, 4H 
C.Hs CLHs CeHiy H 
n-C4Ho H C4H, C,H, 
CeHs H CsHi0 CsHi0 
CoHs CH; CeA12 CeHi2 
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Some 3-amino-1-butynes have been reported to rearrange in the vapor phase 
to the isomeric 2-amino-1,3-butadienes or when heated from 10° to 30°C 
above their boiling point [81] (Eq. 26). Similarly, 1,4-bis(dialkylamino)- 


Oe =CH —— Hise cee (26) 
NR; NR2 


butynes rearrange at 300°-450°C over chrome alumina catalysts to yield 1,4- 
bis(dialkylamino)-1,3-butadienes [81] (Eq. 27). 


(CH3)2.N—CH,—C==C—CH2—N(CH3)2 = 
(CH3)2.N—CH=CH—CH=CH—N(CH3)2 (27) 


In addition, 3-phenylamino-!-butyne rearranges to give some I-phenyl- 
pyrroline as a by-product [81] (Eq. 28). 


CH;—CH—C=CH 
—> (28) 
NHC,H; i 
| 


CH; 


Tertiary amines react with acetylene under pressure to give quaternary 
vinylammonium hydroxides [82a, b] (Eq. 29). 


R;N + H,0 + CH=CH > [R;N—CH=CH,]*OH- (29) 


Reppe has shown that secondary amines of low basicity, such as carbazole, 
diphenylamine, indole, imidazole, and benzimidazole, and amides such as 
pyrrolidone react with acetylene in the presence of strong alkali to give vinyl 
derivatives [81, 83, 84a, b, c] (Eq. 30). As described by Reppe, these reactions 

R2NH —. R,NCH=CH, (30) 
are not recommended as laboratory procedures because special safety 
equipment is required when working with acetylene under pressure. A 
modified laboratory procedure using carbazole has been described [84c]. 

The addition of ammonia or primary and secondary amines to acetylenes 
is greatly enhanced if electron-attracting groups are attached to or conjugated 
with the triple bond. This reaction may be formulated as in Eq. (31). 


RN HH R2N LY 
X—C=C—Y+R,NH —~> C=C and/or C=C (31) 
aN fr XS 
x Y x H 
(cis) (trans) 


X = SO.—R’ [85-89], —SOR’ [88], Co. (87-95], C—R’  {88, 94, 95} 
Y =H or alkyl 
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Tables III, IV, and V describe some examples of this reaction. 

Dolfini [89] found that, when equimolar ratios of aziridine (ethylenimine) 
reacts with dimethyl acetylene dicarboxylate in methanol at room temperature, 
a 67% yield of the trans and a 33% yield of the cis product are obtained. In 
dimethyl sulfoxide solvent, 95% of the cis and 5% of the trans ester are ob- 
tained (Eq. 32). 


O 
O O i 
I | CH;0:C, yi CH0:C, OCHS 
> + CH,OC—C=C—C—OCH,; ——> oF rr ; a 
<c) COOCH; <I H 
(trans) (cis) 
Solvent: CH,OH 67% 33% (32) 
DMSO 5% 95% 


As seen in Tables ITI-V, dialkylamines react with the substituted terminal 
acetylenes to give only trans-aminovinyl products. Primary aliphatic amines 
react with both ethyl propiolate and 1-ethylsulfonyl-l-propyne to give mix- 
tures of cis and trans products and with p-tolylsulfonylacetylene to give only 
trans products. Ethylenimine reacts with ethyl propiolate and I-ethylsulfonyl- 
I-propyne to give mixtures of cis and trans products. Aniline reacts with p- 
tolylsulfonylacetylene to give a mixture of cis and trans products. The solvent 
has a great effect on the cis- and trans ratio when ethylenimine is used. 

Additional information about the effect of amine structure and solvent on 
the steric course of the reaction of amines with acetylenecarboxylic esters has 
recently been reported by Huisgen [93]. 

It is interesting to note that Padwa and Hamilton [92] reported that cis-2,3- 
diphenylaziridine reacts with dimethyl acetylene dicarboxylate in benzene to 
give only the cis product (Eq. 33). Some additional examples of this reaction 


O 
ce: aie ’ I me “M3 coocH, (33) 
N 
H N H 


vit 


TABLE III? 
REACTION OF RR’NH with HC=CSO,C,H,CH;-p 


Reaction Temp. Yield Configuration (%) 
R R’ Solvent time (hr) (°C) (%) M.p. (°C) cis trans 
CH; CH3 CH2Cl, 2 —75 73 134-135 — 100 
C2Hs C.H; C,H;OH 4 25-30 90 79-81 — 100 
n-C3Hy H C,H;0OH 4 25-30 85 76-77 — 100 
i-C3H, i-C3H7 C,H;0H 4 25-30 91 140-141 — 100 
bane C,H;OH 4 25-30 88 114-116 — 100 
H;C N CH3 

CoH s H C,H;OH 20 25-30 80 Wide 15 85 
CHa. CoHs 4 0 89 88-89 100 _ 

Pa C,H;OH 4 0, 25-30 64 100 — 

CH CH2Cl, 4 0 84 100 — 


* Tables III-V are reprinted from W. E. Truce and D. G. Brady, J. Org. Chem. 31, 3543 (1966). Copyright 1966 by The American Chemical Society. 
Reprinted by permission of the copyright owner. 
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TABLE IV 
REACTION OF RR’NH with HC==CCO,C2Hs 


7 o 
Reaction Temp. Yield Configuration (7%) 


R R’ Solvent time (hr) (°C) (%) B.p., °C (mm Hg) cis trans 
CH; CH; C,H;OH 3 0 74 90-91 (2.3), lit.t 97-98 (0.5) — 100 
CeHe 3 0 71 = _— 100 
CH; CoH; C,H;OH 4 25-30 84 97-98 (1.3), lit.” 129-130 (18) — 100 
CoHe 4 25-30 85 — = 100 
n-C3H, H C,H;OH 4 25-30 87 53-60 (2) 61 39 
CoHe 4 25-30 70 92-95 (5) 64 36 
t-C4Hy H C,H;0H 4 25-30 84 90-92 (4) 88 12 
YSN C,H;OH 4 25-30 81 81-86 (7), lit.© 89-95 (12) 54 46 
CH f CoHe 4 25-30 80 89-93 (7), lit.© 98-103 (12) 10 90 
2 
4 J, Decombe, Ann. Chem. 18, 108 (1932). ¢ J. E. Dolfini, J. Org. Chem. 30, 1298 (1965). 
> F, Straus and W. Voss, Ber. 59B, 1681 (1926). 4 Product isolated after distillation is pure cis compound. 
TABLE V 


REACTION OF RR’NH witH CH;C==CSO,C,Hs 


1 o 
Reaction Temp. Yield M.p. or b.p,°C Configuration (7%) 

R R’ Solvent time (hr) (°C) (%) (mm He) cis trans 
CHs GH;  C,H;OH 4 25-30 14 143-145 (0.5) = 100 
n-C3H; H C,H;OH 4 25-30 14 119-121 (0.4) 45 55 
t-C4H H C,H;0H 4 25-30 15 96-100 32 68 
CHa, C,H;0H 4 25-30 B 109-113 (0.4) 70 30 

| DN CoH 4 25-30 80 115-118 (0.3) 18 82 

CH; 


116 4. Enamines 


are shown in Eqs. (34)-(36) [96-98]. 


CoH sC=C—COOC)H; + (C2H3),.NH ——> Coli s¢—=CH—COOGHHS (34) 


N(C2Hs)2 
[os —> R—C—CH=C—R’ (35) 
Oo Oo NR; 
Ce6HsNH2 
i mR —— > C.H;C—CH=C—COOCH; (36) 
re) Oo NHCGoH; 


The type of addition described above takes place preferably at the triple 
bond even if a similarly activated double bond is also present in the molecule 
[98]. 


2-10. Preparation of trans-Ethyl B-Dimethylaminoacrylate [87] 


(CH3)2N H 
C,H,OH Neo fd: 
H=C—COOC,H; + (CH3),NH 9 ———> C=C (37) 


Ww COOC>H,; 


To a 100 mi three-necked fiask equipped with a mechanical stirrer, con- 
denser, and an addition funnel are added 2.0 gm (0.020 mole) of ethyl propio- 
late and 25 ml of absolute ethanol. The stirred solution is cooled to 0°C and 
then 3.0 gm (0.067 mole) of dimethylamine is slowly added. The reaction mix- 
ture is stirred for 2.5 hr at 0°C, concentrated under reduced pressure, and then 
distilled to afford 2.1 gm (74%), b.p. 90°-91°C (2.3 mm). 


Benzene may be used in place of ethanol to give essentially the same results 
(see Table IV). 


2-11. Preparation of trans-2-Dibenzylamino-1-phenylsulfonylpropene [85 | 


(C6HsCH2)2NH + CsHsSO,CH,—C=CH ——> Co6HsSO,CH2 H 
Ki 
C=C 
7 \ 
H N(CH2C6Hs)2 
(38) 
To a flask containing 5.0 gm (0.0278 mole) of 3-phenylsulfanylpropyne is 


added a solution of 5.47 gm (0.0278 mole) of dibenzylamine in 100 ml of ben- 
zene. The resulting solution is kept at 20°C for 15 min, then concentrated [40°C 
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(10 mm)] to give a residue which, on addition of petroleum ether (b.p. 30°- 
60°C), gives 10.0 gm (95%), m.p. 104°C (recrystallized from benzene—petro- 
leum ether. 

Dienamines and enamine orthoformates are produced by the reaction of 
DMF acetals and ethynyl alcohols catalyzed by a trace of pivalic acid [85a]. 


3. ELIMINATION REACTIONS 


One of the earliest preparations of an enamine was via the elimination re- 
action which involved the pyrolysis of hydroxyethyltrimethylammonium 
hydroxide to give N-vinyldimethylamine [99] (Eq. 39). 

HO—CH,—CH;—N(CH});0H 22% cH,—CH—N(CH;), (39) 


heat 


More practical methods involve the dehydrohalogenation [100], dehydro- 
cyanation [101], or stereospecific bimolecular f-elimination of mesitoate 
esters using potassium f-butoxide in dimethyl] sulfoxide [102] as described in 
Eqs. (40)-(42). 


/ a / R 
NaNH 
CHy—CH—CHa—N, — CH)—CH=CH—N. (40) 
3 
Br CsHs C6Hs 
i t 
R—CHz—-C—NRz Geen a RCH=C—NR, (41) 
CN 
Lf KO-1-Bu NN. 7% 


1 oR ae R 
C) o cy (trans) 
Potassium acetate has also been used for the dehydrobromination and 
dequaternization of 1,1,3-trimethylpyrrolidinium bromide [103] (Eq. 43). 


(Dry Distillation) 


CH; ? CH; 
N~ CH,Br Rees N N 
A —CH3Br CH2 CH; 
H3C CH; CH; du, 


Br- (43) 
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Recently Martin and Narayanan [104] reported that the «-aminonitrile 
2(N,N-diethylamino)-2-phenylacetonitrile undergoes a Michael addition with 
acrylonitrile in the absence of solvent but in the presence of benzyltrimethyl- 
ammonium hydroxide. The residue, obtained by ether extraction, is rapidly 
dehydrocyanated during distillation to give the enamine 4-(N,N-diethyl- 
amino)-4-phenyl-3-butenenitrile in 58% yield (Eq. 44). Whether this reaction 


N(C2Hs)2 - CoHs 
| CHs—CH2N(CH3);0H- \. 7H 
CoHs—C—H = + CH»=CH-CN) > s C=C0 +HCN 
l 38°-40°C CH2CN 
CN N(C2Hs)2 
(44) 
is applicable to other «-aminonitriles is yet to be determined. 
3-1. Preparation of N,N-Dimethylvinylamine [100a] 
(CH,),NCH,cH,cl SOE**, (cH,),NCH=CH, (45) 


To a flask equipped with a strirrer and condenser is added 70.0 gm 
(0.485 mole) of N,N-dimethyl-N-f-chloroethylamine hydrochloride. Then an 
aqueous solution of potassium hydroxide is added to neutralize the amine 
hydrochloride to give 45.0 gm (0.42 mole) of crude (87 % yield) product. The 
crude amine is purified by adding it to a stirred solution of 70.0 gm 
(0.625 mole) of potassium t-butoxide in 500 ml of purified DMF in a nitrogen 
atmosphere at —20°C. After 15min, the mixture is distilled at room 
temperature at 2 mm Hg until approximately 100 ml of liquid is collected ina 
receiver cooled in a bath at — 78°C. Fractional distillation of this liquid at 
20mm Hg into a receiver cooled in a bath at —78°C gives 25.0 gm 
(0.352 mole, 72.6%) of N,N-dimethylvinylamine. The NMR (60 MH, TMS) 
of the amine in DMF had the following characteristics: 3.95 (m, =CH), 
6.35-6.65 (m, =CH,), and 7.45 ppm (s, CH, CH;). The ir (CCl,) indicated 
the following absorption bands: 3100 (w), 2900 (m), 1730 (w), 1690 (w), 1640 
(s), 1550 (w), 1430 (m), 1335 (m), 1240 (w), 1090 (m), 1050 (w), 1000 (w), 965 
(m), 940 (w), 910 (w) cm~'. The mass spectrum (20 eV) indicated m/c 71 
(percent ion), 58, 56 (percent —CH;), 45 (percent —CH=CH), 44, 43 
(percent —CH,=CH,). 


3-2. Preparation of N-Methyl-N-propenylaniline [100] 
a CH; PBr3 
> 


CH;—NH + CH;—CH—CH, ——> CH;—CH—CH,—N@ 
So CoH 


CoH oO OH 


H NaNH 
CH, —CH_CH NC : —— 


CH; 
CH;—CH=CH—NZ (46 
NCsHs NHB : “CoH ) 


oHs 
Br 
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(a) Preparation of 1-(N-methyl-N-phenylamino)-2-propanol. To an auto- 
clave (or Hoke pressure cylinder) containing 107.0 gm (1.0 mole) of N-methyl- 
aniline is added 64.9 gm (1.1 moles) of propylene oxide. The reaction mixture 
is heated for 7 hr at 190°C. After this time the autoclave is vented and the crude 
product distilled to afford 151.0 gm (91%) of 1-(N-methyl-N-phenylamino)- 
2-propanol, b.p. 118°C (4 mm), n2> 1.5558. 

(b) Preparation of 1I-(N-methyl-N-phenylamino)-2-bromopropane. To 
39.8 gm (0.24 mole) of 1-(N-methyl-N-phenylamino)-2-propanol is added 
100 gm (0.37 mole) of phosphorus tribromide. The mixture is heated to reflux 
for 3 hr. After this time the reaction mixture is cooled, 350 ml of benzene added, 
the solution is neutralized with 2 N NaOH, the benzene separated, dried, con- 
centrated, and the residue distilled to afford 35.6 gm (65%) of 1-(N-methyl- 
N-phenylamino)-2-bromopropane, b.p. 109°C (2 mm), n2° 1.5712. 

(c) Dehydrohalogenation of 1-(N-methyl-N-phenylamino)-2-bromopropane. 
To 22.9 gm (0.1 mole) of 1-(N-methyl-N-phenylamino)-2-bromopropane is 
added a solution of 0.22 mole of sodamide in 400 ml liquid ammonia (prepared 
from 5 gm of sodium metal in ammonia). After 12 hr, the ammonia is evapor- 
ated, the product taken up in ether, concentrated, and the residue distilled to 
afford 12.1 gm (82%) of N-methyl-N-propenylaniline, b.p. 74°C (3-4 mm), 
n> 1.5759. The product is predominantly in the trans configuration (84 % trans, 
16% cis) as determined by NMR spectroscopy. 


3-3. Preparation of a-Dimethylaminostilbene [101] 


H CsH H 
Ce nS yee eae os. ye 32 
H—C—C—N(CH3). ——> C=C (47) 
LN NHs / ~ 
H CoHs H C.Hs 


To a cooled flask equipped with a stirrer, dropping funnel, and condenser 
is added a solution of 0.1 mole of potassium amide in 500 ml of liquid ammonia. 
While stirring, 25 gm (0.1 mole) of «-dimethylamino-a,8-diphenylpropionitrile 
is added, the resulting purple-brown suspension is stirred until the ammonia 
has evaporated. Ether is then added, and the last traces of ammonia are 
removed on a steam bath. Water is then added and the ether layer separated. 
The water layer is extracted with ether, and the combined ether extracts 
concentrated under reduced pressure. The resulting oily residue is dissolved 
in methanol at room temperature, filtered, cooled to —78°C, and the resulting 
precipitate filtered to afford 18.6 gm (84%), m.p. 28°-29°C. Recrystallization 
from hexane and cooling to —78°C raises the melting point to 30°C. 
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3-4. Preparation of trans-1-(4-Morpholino )-1,2-diphenylethylene [102] 


CH; 
CeHs ? Cos yi 
an Oc CH3 KO—+-Bu CCL (48) 
fe) \-o 4 on DMSO aa CoHs 
ZN 
\S CoH, CHa . 


To a flask which was previously base-washed and dried is added 32 ml of 
1.5 M potassium t-butoxide solution in dimethyl sulfoxide. (NOTE: The 
potassium f-butoxide (MSA Research Corp.) is sublimed under 0.1 mm pres- 
sure at 155°-160°C, transferred to a brown bottle ina dry nitrogen atmosphere, 
sealed with a serum cap, dry dimethyl sulfoxide added, and the resulting solu- 
tion only removed with a syringe.) To the latter solution is added 1.99 gm 
(0.0046 mole) of the mesitoate ester of dl-threo-2-(4-morpholino)-1,2-diphenyl- 
ethanol, the reaction is stirred for 3 hr at room temperature under a nitrogen 
atmosphere, and the mixture poured in 150 ml of ice-cold water. The resulting 
solution is extracted with ether, dried, and concentrated to afford 1.16 gm 
(94%) of crude enamine, m.p. 78°-81°C. The enamine is dissolved in the mini- 
mum amount of methanol at temperatures below 50°C, quickly cooled, and 
then filtered to afford 0.79 gm (65%), m.p. 103°-104°C. 

a-Chloroenamines have been reported [102a] to be prepared by the 
reaction of dialkylamides first with phosgene and then with triethylamine. 
For example, the synthesis of 1-chloro-N,N-dimethyl-2-methylpropenyl- 
amine (b.p. 125°-133°C, 760 mm Hg): 


Cl 
ll cocl | 
(CH;),—CH—CNCH,), ———— (CH,),CH—C=N7*(CH,),Cl- 

CH2Cl2 
q 

(C2Hs}3N 

——— (CH;),C=C—N(CH,), (49) 
(69-77%) 


A good laboratory phosgenation method is described in the references to 
this procedure. 
Some other «-chloroenamines prepared from amides are [102a] 


cl 
| 
(CH;),CHCON ——> (CH;),C=C—N 85% (50) 
CH q 
CH,;CH,CON—C,H, ———> CH,CH=C—N—CoH, 45-62% (51) 
CH, 
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Reaction of the «-chloroenamines with Grignard reagents can be used to 
give alkyl or aryl substitution of the chloro group [102a]. Reaction with 
silver salts gives keteniminium salts that can react with olefine by [2 + 2] 
cycloaddition [102a]. Acetylenes and imines react in a similar manner 
[102a]. 


4. OXIDATION REACTIONS 


Mercuric acetate has been used for the oxidation of amine groups to give 
modified alkaloid structures [105-120]. 

In 1955, Leonard described a general method for the oxidation of cyclic 
tertiary amines to give enamines. Quinolizidine was dehydrogenated using 
mercuric acetate in 5% aqueous acetic acid by heating on the steam bath for 
14 hr to give 92% mercurous acetate and 60% dehydroquinolizidine. 


4-1. Preparation of A'"-Dehydroquinolizidine [121] 
10) 


CO saeucHy. —e 
N 
A tT 
+ (Hg),(OCCH;), (32) 
N 
| | NaOH “a 
HCIOg NI N 


(C104)- 


To a flask containing 20.0 gm (0.0628 mole) of mercuric acetate dissolved in 
100 ml of 5% aqueous acetic acid solution is added 2.18 gm (0.0157 mole) of 
quinolizidine. The flask is warmed on a steam bath for 14 hr, then the precipi- 
tated mercurous acetate is removed by filtration (7.48 gm or 92°%). The re- 
maining mercuric ions are removed as a mercuric sulfide precipitate by 
saturating the reaction mixture with hydrogen sulfide. The reaction mixture 
is centrifugated to obtain a pale-yellow supernatant which is made basic and 
extracted with ether. The ether extracts are dried, treated with a solution 
consisting of equal volumes of 68° perchloric acid and ethanol until the 
ether is acid to Congo red paper. The resulting precipitate of 
A*°)dehydroquinolizidinium perchlorate is recrystallized once from eth- 
anol to afford 2.20 gm (59 %) of colorless platelets, m.p. 227°-228°C. Further 
recrystallization raises the melting point to 234°-235°C dec. The latter salt is 
dissolved in 10 ml of water, made strongly basic with 40° aqueous sodium 
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TABLE VI 


MErRcuRIC ACETATE DEHYDROGENATION OF CYCLIC AMINES 
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Rl} 
R1,R2=alkyl, R3=R¢=R5= 
R}, R2, RS = alkyl, R3=R4= 
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Product 


H 
H 


H 
De gees 
R x R 
R 


Yield 
(%) Ref. 
67 123 
45 123 
66 123 
60 121,124 
45 124 
23-70 125 
14 125 
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TABLE VI (continued) 


Starting Yield 
compound Product (%) Ref. 
wo kool ws 
N 
} ry 
R R 
OH 
} 
CH; CH; 
CoHs CeHs 


N ‘N 
dn, 


70 128 


i 
CH; 
SS 
55 129 
N N 


hydroxide, extracted three times with ether, dried, concentrated, and the 
residue is distilled under a nitrogen atmosphere to afford 1.96 gm (68%) of 
A*°)-dehydroquinolizidine as a colorless oil, b.p. 80°C (18 mm), n2® 1.5116. 


The infrared contains absorption bands at 1652 (De=c<) and 3020 cm™! 


(Sc—x ) , both of which are absent in quinolizidine. 
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The oxidation probably involves a mercurated complex through the electron 
pair on nitrogen followed by a concerted removal of a proton from the a-carbon 
and then cleavage of the mercury-nitrogen bond. The suggestion that a trans 
elimination occurs is reinforced by the evidence that yohimbine can be 
dehydrogenated by mercuric acetate, whereas reserpine methyl reserpate, 
deserpine, or pseudoyohimbine do not react [122]. 

After studying a large number of compounds, it was found that removal of a 
tertiary hydrogen « to the nitrogen atom is preferred to removal of a secondary 
a-hydrogen atom. The versatility of this method is illustrated by the type of 
compounds undergoing the mercuric acetate oxidation reaction as shown in 
Table VI. 

Other oxidative methods have recently been reported whereby amines yield 
enamines either as intermediates [130] or as isolatable chloranil [131], 2,3- 
dichloronaphtha-1,4-quinone [131], or 2,5-dichloro-3,6-dimethoxybenzo- 
quinone [132, 133] adducts. Benzoyl peroxide [131] and active manganese 
dioxide [134] have been reported as effective oxidizing agents in the reactions 
above. (See Eqs. 53, 54.) 


Oo 
cl cl 
CO . ICsHsCOO} +HCl (53) 
N a | cl 
CH; O 
as Oo 
cl a 
OUI sme 2 CO 
) = CH=CH—NR, 
b oO (54) 


5. REDUCTION REACTIONS 


The reduction methods of producing enamines from aromatic heterocyclic 
bases or their derivatives have thus far found only limited application [30]. 
The reductive route used to prepare heterocyclic enamines has the advantage 
of avoiding the hydroxylation reaction sometimes found in the mercuric ace- 
tate oxidation of saturated heterocyclic amines [126]. The lithium-n-propyl- 
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amine reducing system has been used by Leonard to reduce julodine to A°- 
tetrahydrojulolidine (66% yield) and 1-methyl-1,2,3,4-tetrahydroquinoline 
to a mixture of enamines (87% yield), consisting of 1-methyl-A’-octahydro- 
quinoline and 1-methyl-A?-octahydroquinoline [135] (Eqs. 55, 56). 


a 2a. (55) 
n-C3H7NH?2 
N N 


(66%) 
CO =e COCO * 
n-C3H7;NH2 
a 
CH; CH; CH; 
————— 


(87%) 


Other methods involve the use of lithium aluminum hydride to reduce 
N-alkyl lactams [136] (Eq. 57). By a similar method, some steroidal N-acetyl- 


O LiAIH, ( 5 7) 
N ether N: 
| 
CH=CH—C,Hs bH—CH_CyH, 


enamines can be reduced to the free enamines in 68 %-90 % yields [137], while 
others yield unstable enamines decomposing to the corresponding ketone 
[137]. Lithium aluminum hydride can also reduce aromatic ketene imines to 
stable enamines [138]. 

The reduction of N-alkylpiperidones with sodium in ethanol has also been 
reported [139a, b]. 

From the preparative standpoint, 1-methyl-A?-piperideines are best pre- 
pared by the partial hydrogenation of quaternary pyridine salts in alkaline 
media [140, 141]. 

Other reducing agents that have been reported to afford enamines are 
sodium hydrosulfite [142], dialkyl aluminohydrides [143], and Grignard re- 
agents [144] for quaternary isoquinoline salts ; sodium borohydrides [145] and 
Grignard reagents for 3,5-dicyanopyridines; and electroreduction [146, 147] 
of N-methylglutarimide. 
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5-1. Reduction of 1-Methyl-1,2,3,4-tetrahydroquinoline to a Mixture of 
1-Methyl-A*-octahydroquinoline and N-Methyl-A°-octahydroquinoline 
[135] 


n-C3H7NH2 
N N N 


| 
CH; CH; H3 


To a dry flask containing 415 ml of n-propylamine and 10.15 gm (1.45 gm- 
atoms) of chopped lithium wire segments is added, with stirring, 21.3 gm 
(0.125 mole) of 1-methyl-1,2,3,4-tetrahydroquinoline, and the mixture is 
stirred for 164 hr under a nitrogen atmosphere. The unreacted lithium is 
removed, the excess -propylamine is distilled from the flask, the semisolid 
residue is cooled in an ice bath, overlaid with ether, and then neutralized slowly 
with solid ammonium chloride. The mixture is cautiously diluted with water, 
the ether layer separated, the water layer extracted with ether, the ether layers 
combined, dried, concentrated, and the residue is distilled to afford 19.8 gm 
(90.5%), b.p. 60°-75°C (1.5-1.7 mm). Gas chromatography of the crude pro- 
duct indicates that it is 96% pure enamine. Redistillation affords 17.3 gm 
(79°%), b.p. 63°-65°C (1.5 mm), 72> 1.5138. 

The infrared spectrum of the product showed absorption at 1663 and 
1642 cm™!. 


6. REARRANGEMENT REACTIONS 


Allylamines have been reported to be isomerized with the aid of basic 
catalysts to enamines [147a, b] 


Base 
R3_,—N(CH,—CH=CH,), ———>_ R;-,N(CH=C—CH5), (59) 


A dispersion of potassium amide on alumina was reported to be effective at 
room temperature in giving this isomerization and in most cases good yields 
were obtained as shown in Table VII [147a]. N,N-Dialkylallylamines are 
reported to give cis-enamines when isomerized in the presence of basic 
catalysts (K-O-t-Bu) [147b]. 

Another case of rearrangement involves the imine-enamine tautomerism. 


§ 7. Miscellaneous Methods 127 


TABLE VII 


ISOMERIZATION OF CH,=CH—CH,NR, To CH,;CH=CHNR, USING 
KNH,(1.8 GM) ON ALUMINA (20 GM) AT 25°C [147a] 


Substituent on Reaction time B.p., °C 
CH,=CH—CH,— (min) (mm Hg) Yield (%) 
N(CH3)2 30 37 (70) 70 
N(C2Hs)2 30 35 (15) 94-100” 
N(CH,—CH=CH,), 60° 28 (1) 76 
N-Pyrrolidinyl 15 55 (20) 65 
N-Piperidinyl 60 20 (1) 52 
N-Morpholinyl 30 25 (1) 57-100° 
N-Carbazoyl 30 160 (1) 60 
(cH, =cH—cHyN-{) 30 _ 20 


* Determined by gas-liquid chromatography using an internal standard. 
> Reaction was carried out at 50°C. 


For example, 2-(N-cyclohexylimino)-1,3-diphenylpropane rearranges in 
DMSO as shown below [147c]. 


NH, 


10) 
il ~H20 
C,H,—CH,CCH,C,H, + > (CHs—CH,):C=N (60) 
org 


C,H —c=c” ——— ‘c oe 
cat LP aE rN 
H NH H CH,C,H, 


(cis) (trans) 


7. MISCELLANEOUS METHODS 


(1) Isomerization of allylamines to enamines [147a, b, 148-151]. 

(2) Reaction of N,N-diethyl-2,2,2-trichloroacetamide with trialkyl phos- 
phites or triphenylphosphine to give N,N-diethyl-1,2,2-trichlorovinylamine 
[152-154]. 

(3) Preparation of enamine amides [155-157]. 
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(4) Reaction of N-(2-bromoalkyl)-ethylamine with sodium amide in liquid 
ammonia to give N-ethylallenimine [158]. 

(5) Nucleophilic displacement reactions of some halogen-substituted 
phenylcyclobutenes [159-161]. 

(6) Halogenation of enamines to give stable halo enamines [162]. 

(7) Reaction of tris(dialkylamino)boranes with ketones to give enamines 
[163]. ; 

(8) Reaction of tris(dimethylamino)arsine or tetrakis(dimethylamino)- 
titanium with aldehydes or ketones to give enamines [164, 165]. 

(9) The enamine-immonium cation system of 9,10-dimethoxy-1,2,3,4- 
6,7-hexahydrobenzo[«]quinolizinium salt [166]. 

(10) Imido-enamine tautomery. Isolation of the polar tautomeric form of 
propyl B-aminovinyl ketone [167]. 

(11) Preparation of dienamines [168, 169]. 

(12) Reaction of secondary amines with allenes to give enamines [170]. 

(13) Preparation of silicon-containing acetylenic enamines [171]. 

(14) A novel synthesis of 2,4-thiophenediamines and their behavior as 
stable reactive enamines [172]. 

(15) Reaction of acetals with amines to give enamines [173]. 

(16) Reaction of ethyl ethoxymethylenemalonate with nitromethane in the 
presence of amines to afford 1-amino-2-nitroethenes [174]. 

(17) Reaction of methyl- and ethyl-2-cyclopentanone carboxylates with 
amines to give carbinolamines, enamines, and adipamides [175]. 

(18) Synthesis of new bicyclic enamines [176]. 

(19) Reaction of tetrakis(dimethylamino)methane and tris(dimethylamino- 
methane with fluorene to afford enamines [177]. 

(20) Reaction of trans-N,N-dimethyl-2-phenylcyclopropylamine with di- 
methylamine in methanol to give the open-chain enamine 1|-dimethylamino- 
3-phenyl-1-propene [178]. 

(21) Preparation of enamines by means of the Claisen condensation 
{179-181]. 

(22) Conversion of esters of acylated aminoisobutyryl malonic acids into 
3-oxo-A?-pyrrolines [182-183]. 

(23) Conversion of isoxazolium salts by the action of alkali cyanides into 
4,5-dioxo-A?-pyrrolines [184, 185]. 

(24) Preparation of dihydropyridones by the condensation of ethyl cyano- 
acetate, cyanoacetamide, or malononitrile with «,B-unsaturated ketones [186]. 

(25) Preparation of N,N-diethyltrichlorovinylamine by the reaction of tri- 
ethylamine and phenyl(trichloromethyl)mercury [187]. 

(26) Amine-exchange reactions: Reaction of 1-(1-cyclopenten-1-yl)-piperi- 
dine with N-methyl-3-bromopropylamine hydrobromide [188]. 

(27) Preparation of N-ethylallenimine by the reaction of N-(2-bromoallyl): 
ethylamine with sodium amide in liquid ammonia [189, 190]. 
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(28) Oxidative decarboxylation of N,N-dialkyl-x-amino acids by means of 
sodium hypochlorite to give enamines [191]. 

(29) Reaction of aryl hydrazines and hydrazine with dimethyl] acetylene 
dicarboxylate to afford imine-enamine tautomers [192]. 

(30) Rearrangement of vinylogous urethanes to give cyclic enamines [193, 
194]. 

(31) The enamine-imine tautomerism in the indolenine system [195]. 

(32) Reaction of chloramines and acetylenes to give chloroenamine inter- 
mediates [196]. 

(33) Preparation of N-methyl-2-cyclopentadienylidene-1,2-dihydropyri- 
dine from cyclopentadienylsodium and 2-iodopyridine methiodide [197]. 

(34) Preparation of enamine 2,4,6,8-nonanetetraones by the reaction of 
pyrrolidine with acylpyrones [198]. 

(35) Preparation of cyclic dienamines [199]. 

(36) Addition of diphenylthiirane 1,1-dioxide to enamines [200]. 

(37) Preparation of heterocyclic enamines by the intramolecular condensa- 
tion of N-(5-oxohexyl) nitrogen heterocycles [201]. 

(38) Reaction of 1-bromo- and 1-chloro-2-(4-morpholino)-1,2-diphenyl- 
ethene with phenyllithium in benzene to give 2-(4-morpholino)-1,2-diphenyl- 
ethene [202]. 

(39) Preparation of bicyclic enamines and a dieneamine [203a, b, c]. 

(40) Reaction of aryl dichloroisonitriles (ArN=CCI,) with dialkylamines 
[204]. 

(41) Catalytic reaction of tertiary alkylamines with olefins to give ena- 
mines [205]. 

(42) Reaction of aminoacetonitrile with ethyl acetoacetate to give ethyl p- 
cyanomethylaminocrotonate [206]. 

(43) Preparation of 1-N-arylamino-1,3-dienes [207]. 

(44) Conversion of ynamines to enamines [208]. 

(45) Reaction of propargyl alcohols with amine acetals [209]. 

(46) Preparation of cyclic-B-enamino esters [210]. 

(47) An endocyclic enamino synthesis [211]. 

(48) Preparation of enamides and enecarbamates [212]. 

(49) Preparation of enamines by addition of Grignard reagents of N,N- 
dimethylformamide [213]. 
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CHAPTER 5 / YNAMINES 


1. INTRODUCTION 


Alkynylamines or ynamines have the structure shown in (I). The resonance 


R—C=C—NR, 
(1) 


of this structure suggests that the nitrogen atom or the B-carbon atom can react 
as a nucleophilic center (Eq. 1). 


on ay 


Attempts to synthesize ynamines with primary amino groups have resulted 
in producing the tautomeric nitriles [1-3]. See, for example, Eq. (2). On the 


F—c=cH INS. tn,N—-c=cH] —> CH,C=N (2) 
basis of this evidence the ynols should exist in the form of the tautomeric 
ketenes. 

Although ynamines were thought to have been prepared earlier [4-6], 
they were not characterized until Zaugg et al. reported the first ynamine, 
N-(1-propynyl)phenothiazine (II) [7]. 


ee 

4 
C=C—CH, 
(ID) 


The chemistry of ynamines is relatively brief, simply because further re- 
search remains to be done on this novel functional group. 

The most important methods of synthesizing ynamines are based on the 
reactions shown in Scheme 1. 
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SCHEME 1 
(R—C,sH,4)2N—CH2—C=CH 


base (DMSO-KNH)2) 
C=C_x a ge CNR 
'C=C—_— SE '—C= ” <_— j—C= " 
R'C=C <ipcrmor R-C=CN it " 


RMgxX or BuLi 
NR"; LiNR2 


(—RX) C=C—NR’ 


xX 
R’CH2CX2NR’” és 


Most ynamines are water-clear liquids with a slight amine odor. They are 
stable and can be vacuum-distilled without decomposition. Some have now 
become available commercially.* 

The chemistry of the reactions of ynamines is under active investigation. A 
review by Viehe describes some of the reactions of ynamines [8]. Some of 
them are shown in Eq. (3). 


R R ; 
| | NH,CHCOOH 2RCOOH 
H,N—CH—C(NH—-CH—C_), eS RC=CNR, ———~ (RCO),0 
ol r4 
we \romno (3) 
RCHZCONR: | .o.,, RCI 
R—C=C—NR, 
exe)! 
Cl 


More recent reports describe the Diels-Alder reactions of ynamines 
[8a, b], cyclo additions with isocyanates [8c], carbon dioxide [8d], sulfenes 
[8e], N-sulfonylamines [8f], thietenes [8g], and «,f-unsaturated sulfones 
[8h]. Some other interesting reactions reported are the photochemical 
condensation with naphthoquinones [8i] and the ynamine Claisen 
rearrangement [8), k]. 


2. CONDENSATION REACTIONS 


The condensation methods available for the preparation of ynamines are 
summarized in reactions (4) and (5). 


* Fluka, A. G., Buchs, Switzerland has 1-diethylaminopropyne available in 99°% purity, 
b.p. 130°-132° n29 1.444. 
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$< 


iNR : 
R-C=C—NR, <SS- RC=C-X ——*> RC=C-NR:+LiX (4) 
X = Cl, Br 
where X= 
F, Cl, OR 
cn 
RC=C- 
F cl F 1 
Yoac BE, PyeecS —~ pwcec-c SE, 
H~ Cl ue SG 


(R,N),c=cHc) —SB> R,N-C=C-NR, (5) 


Fluoroacetylenes undergo nucleophilic substitution by lithium dialkyl- 
amides to give the ynamine, whereas chloroacetylenes are relatively unreactive. 
Chloroacetylenes may be made reactive by having electron-withdrawing 
groups present, as in phenylchloroacetylene [8] (Eq. 6). 


CsH;—C=C—Cl + LiN(CH3)2 > Cs6HsC=C—N(CH3)2 (6) 


ane GE acetylene reacts in a similar fashion with lithium 
diethylamide [8] (Eq. 7). 


C=C—Cl C=CN(C2Hs)2 
+ LIN(C>Hs)2 ——> (7) 


Trimethylamine also reacts with chloro- or bromoacetylenes containing 
electron-withdrawing groups to give ynamines [9, 10a, b]. Equation (8) gives an 
example. The presence of electron-donating groups such as the t-butyl group 


40h 
C6HsC==C—X + N(CH3)3 =e Cs6HsC=C—N(CH3)2 + CH3X (8) 
X =Clor Br 


requires longer reaction times at elevated temperatures (Eq. 9). 


(CH3);C_C=C—C1+ N(CH); “22> (CH,);C_—C=C-—NICH3), ~— (9) 


135°C 
(44%) 
Haloalkynes have been reported to react with bridgehead amines to give 
ynamines [10d]. 


R'C=CX + R3N ——> (R'C=CNR,)*X- —2~+ RC=CNR, + R;N*X™ (9a) 


Examples of bridgehead amines are 1,4-diazobicyclo-[2,2,2]octane, bru- 
cine, dihydrobrucine, and quinilidene. 
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Lithium dimethylamine in ether does not react well with ¢-butyl chloro- 
acetylene to give the ynamine; however, the reaction appears to go easily if the 
related fluoroacetylene is used or if a polar solvent (hexamethylphosphor- 
amide should not be used since it is carcinogenic) [8] is used in place of ether. 


2-1. Preparation of N,N-Dimethylaminophenylacetylene [\0a] 
CsH;C=C—CI + N(CH3)3 ———> Cs.HsC==C—N(CH3)2 + CH3Cl (10) 


To a Stainless steel autoclave is added 21.7 gm (0.368 mole) of trimethyl- 
amine and 15.0 gm (0.11 mole) of I-chloro-2-phenylacetylene.* The autoclave 
is sealed and heated to 55°C for 40 hr. After this time the autoclave is cooled to 
room temperature, vented, and the reaction mixture is extracted with an- 
hydrous petroleum ether. The solvent is removed under reduced pressure and 
the residue is distilled to afford 7.0 gm (44%) of a light-brown oil, b.p. 90°C (40 
mm). Redistillation of this product affords 5 gm (31%), b.p. 70°C (1 mm), 
n2> 1.5849; NMR 4 2.65 (s, 6, CH;), 7.25 (m, 5, Ar—H). 

1-Chloro-2-phenylacetylene has recently been reported to be useful in 
preparing 1-phenyl-2-(1-pyrrolidinyl)acetylene as shown in Eq. (11) [10e]. 


C,H,—C=C—Cl i —_ we (11) 
Li | 


C=C—C,H; 
Other examples of the trialkylamine reaction [11] are given in Eqs. (11a) and 
0 0 
| 1. 25°C | 
(C,H;0),P—C=C—Cl + N(C2Hs)3 GH. (C,H;0),PC=C—N(C2Hs)2 or C,H;Cl 
of 6» 
10 min at 
ae (11a) 
CsH,;C=C—C=C—Br + N(CH3)3 = CsH,;C=C—C=C—N(CH3)2 + CH;3Br 


(12) 
(12). Several additional examples of reaction (12) as reported by Dumont [12] 
are given in Table I. 

The diynamines are very unstable and decompose rapidly even at 0°C. 
They can be purified by low-temperature column chromatography using 
alumina. 

Acetylenic ethers react with lithium dialkylamides to give ynamines in good 
yields [13] (Eq. 13). Examples of this reaction are described in Table II. 


R/C=COR + LINR2” ogo > OR'C=C—NR,” (13) 


* 1-Chloro-2-phenylacetylene is prepared by the reaction of phenylacetylene with 
benzenesulfonyl chloride in the presence of sodamide [10b]. 
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TABLE I 


REACTION OF TRIALKYLAMINES WITH HALOACETYLENES [13] 


Br- 
R—(C=C),—Br > R-(C=O);-NRY 2 R-(C=O)-NR,’ (14) 
(A) (B) (C) 
Compound B Compound C Compound C, 
R R’ or R3’N (yield %) (yield %) m.p. (°C) 
CH; CHs; 31 Polymerized Oil 
Ce6Hs CH; 70 50 50 
CoHs C2Hs 60 20 Oil 
CH; © N—CH; 14 30 Oil 
‘ef 


Propyny! dialkylamines are produced in low yields (see Table II) when the 
stoichiometric amount of reagents are used. When an excess of lithium dialkyl- 
amide is used, partial isomerization of the product to allenyl amines, 
CH,—=C=CHNR,’ [13], takes place. 


TABLE II 


REACTION OF ACETYLENIC ETHERS WITH AN EQUIVALENT AMOUNT OF 
Litu1uM DIALKYL AMIDES TO GIVE YNAMINES [13] 


R—C=C—OC>Hs + LiINR2’ > R—C=C—NR,’ + LiOC,H; (15) 
R R’ B.p., °C (5 mm) Yield (%) 
CH; C3H, 57-88 14 
C2Hs C3H, 71-72 67 
CLHs N ) 78-719 55 
C3H;7 C2Hs 60-61 68 
n-C4Ho C2Hs 75-16 65 


2-2. General Method for Preparation of Ynamines by Reaction of Acetylenic 
Ethers with Lithium Dialkylamides [13] 


The lithium dialkylamides were prepared by adding at 20°C the stoichio- 
metric amount of amine to ether solutions of methyl- or butyllithium. 
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The 1-alkynyl (0.55 mole) is added in 5 min to a solution of 0.50 mole of 
lithium dialkylamide in 500 ml of ether at room temperature. The ether is 
removed by distillation and an exothermic reaction starts at a bath tempera- 
ture of about 80°C. Heating is continued for an additional 30 min at 110°- 
120°C and then the reaction products are distilled at 15 mm Hg pressure using 
a short Vigreux column. The heating bath is raised to 170°C and the last traces 
of products are removed by distillation at 1 mm Hg pressure. In all cases the 
distillation receiver should be cooled to —80°C. The entire distillates are com- 
bined and fractionated through a 30 cm Widmer column. Some typical results 
of using this method are shown in Table II. 

Ficini and Barbara [14, 15] prepared lithium aminoacetylides and allowed 
them to react with alkyl bromides or tosylates in hexamethylphosphoramide to 
give good yields of substituted ynamines (Eq. 16). This method shows promise 
of being a general route to ynamine derivatives. 

CCh=C—NR’RY EH Li—Cc=C—NR'R’ 


oi R-tosylate 
or RX H+ ( l 6) 


R—C=C—NR’R’” HC=C—NR’R’ 


Examples of the condensation of lithium N-methyl-N-phenylaminoacetylide 
with alkyl halides is described in Table III. 


TABLE Hi 


REACTION OF LITHIUM N-METHYL-N-PHENYLAMINOACETYLIDE WITH VARIOUS 
REAGENTS IN HEXAMETHYLPHOSPHORAMIDE TO GIVE SUBSTITUTED Y NAMINES 


Li—C==C—N—C,H; + RX — R—C=C—N—CGoH; (17) 
| | 
CH; CH3 
Yield B.p., °C 
ees R (%) (mm Hg) ng 
CH3l CH; 65 96 (6.0) 1.5740 (23) 
C3H7Br C3H; 61 70 (0.06) = 1.5523 (24) 
n-CgHoBr n-C4Ho 76 88 (0.1) 1.5464 (22) 
CH;—CH,—CH—CH; CH3;—CH2,—CH—CH; 38° 83 (0.1) 1.5468 (21) 
| | 
Br 
CH)==-CH—CH>Br CH2=—CH—CH2— 75° 96 (0.6) 1.5670 (21) 


* Approximately 25 % of the starting material undergoes elimination to the olefin. This is 
true for cyclic and tertiary alkyl halides. 
> Some of the product decomposed on being distilled. 
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2-3. Preparation of N-Methyl-N-phenylaminohexyne [15] 


(a) General preparation of N-methyl-N-phenyllithium aminoacetylide and 
related acet ylides. 


CCl =C—N—C.Hs + 2n-BuLi ——> Li—C=C—N—CoHls (18) 
Cl CH; CH; 


To a three-necked flask equipped with a stirrer, condenser, thermometer, 
and dropping funnel is added an ether solution of 1.0 mole of n-butyllithium. 
Then a 50% ether solution of N-methyl-N-phenyltrichloro-1,1,2-enamine 
[16], b.p. 87°C (0.1 mm), np 1.5859 (25), is added dropwise at —10°C under a 
nitrogen atmosphere until 0.42 mole has been added. The reaction is allowed 
to warm to room temperature in about 2 hr. The solution now possesses an 
intense absorption band at 2040-2050 cm™', which is characteristic of the 
lithium acetylide group. 


(b) Condensation of N-methyl-N-phenyllithium aminoacetylide with n-butyl 
bromide. 


Li—C=C—N—CHs + n-CsHgBr ——> AGH Cae NS Cols (19) 
CH; CH; 


To the three-necked flask equipped as above and containing 0.42 mole of 
N-methyl-N-phenyllithium aminoacetylide is added dropwise 88 gm (0.65 
mole) of n-butyl bromide in 160 ml of hexamethylphosphoramide.* The reac- 
tion is exothermic and the ether refluxes. At the end of the addition the ether is 
removed by distillation and the temperature is raised and kept at 75°C for 2 hr 
or until the absorption band at 2050 cm™! disappears. The product is obtained 
by distilling it directly from the reaction medium under reduced pressure to 
afford 58 gm (75%), b.p. 88°C (0.1 mm), n2? 1.5464. 


2-4, Preparation of N,N-Diethylcarbomethoxyethynylamine [17] 


SHEE NACH: +2n-BuLi —~ = [Li—C=C—N(C2Hs)2] 
Cl fe) 


I | 
_GICOCHS , CH;0C—C=CN(CH3), (20) 


To a flask containing 5.0 gm (23 mmoles) of N,N-diethyl-1,2,2-trichloro- 
vinylamine [16] cooled to —15°C is added dropwise at —10°C under a nitrogen 
atmosphere 50 mmoles of n-butyllithium in hexane (diluted with 4 volume of 
dry ether). After the addition the mixture is kept at room temperature for 45 


* CAUTION: Hexamethylphosphoramide is carcinogenic and other polar solvents would be 
preferable. 
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min. The mixture is cooled again to —10°C and then 2.16 gm (23 mmoles) of 
methyl chloroformate in 5 ml of dry ether is added dropwise at —10°C. The 
reaction is again raised to room temperature and kept there for 45 min. The 
reaction mixture is centrifuged and the centrifugate is distilled under reduced 
pressure to afford 2.5 gm (70%) of the ynamine, b.p. 91°C (2.5 mm). The pro- 
duct showed characteristic absorptions in the ir at 2200, 1695cm7!, and NMR 
(neat with a TMS standard) 5 1.20 (t, 6H), 2.97 (q, 4H), 4.35 (s, 3H). 

Corey and Cane [17a] reported that n-butyllithium in tetramethylethyl- 
enediamine reacts to metalates «,B-ynamines to form the lithium derivative, 
which may undergo alkylation upon treatment with a variety of halides. For 
example, 


n-BuLi ‘ R'X 
CH,C=CNR, —_>* LiCH,C=CNR, ———> R’'—CH,C=CNR, (21) 


R’ = CH,=CH—CH,Br or (CH3),SiCI ete. 


t-Butyllithium metalates acetonitrile to form the dilithio derivative, which 
can be alkylated by reaction with halides. For example, when using an excess 
of base on Li,C,HN for reaction with triethylchlorosilane in THF [17b]: 


t-BuLi 
——— 
(CH3)3SiCi 


THF (22) 
(CH,);SiC=CN[Si(CH,)3]> + [(CH;)3Si],C=C=NSi(CH;), 


(20%) (80%) 


eth 
CH,CN + 3¢-BuLi — [LiC=CNLi,] 


3. ELIMINATION REACTIONS 


Some elimination reactions which yield ynamines involve the dehalogenation 
or dehydrohalogenation of substituted amines or amides as shown in Eq. 
(23). 


RCH=CH—NR’R” ES RCEC_NR’RY <2 RCH;—CCI—NR’R’ 
G & 
(A) (B) 
R—CCl,—CH;NR’R” (23) 
(C) 


Thus far only compounds (A) and (B) yield ynamines when treated with 
either lithium alkyls or lithium dialkylamides, respectively. Thus far attempts 


§ 3. Elimination Reactions 143 


to use compound (C) have led to other products [9]. Since little information 
has been published about compound (C), further research is required before it 
can be ruled out. 

As described in Section 2, n-butyllithium reacts with «,8-dichloroenamines 
to yield lithium ynamines [15] (Eq. 24). 


CI—-C=C—NR’R” ——> Li—C=C—NR’R’ (24) 
a a 


The preparation of N-methyl-N-phenyllithium aminoacetylide is an ex- 
ample of this method (see Eq. 18). 

As a dehydrohalogenating reagent, phenylmagnesium bromide is not as 
effective as are lithium dialkylamides, but in hexamethylphosphoramide it 
reacts with «,8-dichloroenamines to give a 35% yield of the corresponding 
ynamine [18] (Eq. 25). 


HC=C—N(CgHs)2 pal CsH;—MgBr neo” CIl—C=C—N(CgH5)2 (25) 
ci Cl 


Buijle et a/. [19] reported that ynamines can be obtained by the dehydrohalo- 
genation of «,«-dihaloamides. The «,«-dihaloamides can be obtained by the 
reaction of phosgene with tertiary amides [20]. An example of the use of this 


18) 
l 
CH 3CH,CH 2C—N(C2H s)2 + Coch, — > CH 3CH,CH,CCI,—N(C2Hs)2 


Aiea \ uct 


CH3;CH2,C=C—N(C>Hs)2 CH3CH2—C==C—N(C;Hs)2 
(7%) (38%) 


+ 
CH3CH2—CH=C[N(C2Hs)2]2 
(32%) 
(26) 


method is shown in Eq. (26). Other examples with more details are shown in 
Table IV. 

Ynamines can also be produced by « or f eliminations in the reaction of 
dihaloalkenes or trihaloalkenes with alkali metal amides [10,21] (Eqs. 
28-31). 
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TABLE IV 


REACTION OF «,o-DIHALOAMIDES WITH LITHIUM DIALKYLAMIDES 
TO GIVE YNAMINES [19] 


R’‘CH,—CCl,—NR,” + LiNR, > R/C==CNR,.” (27) 

R’ R’” R B.p., °C (mm Hg) Yield (%) 
CH; C.Hs C2Hs 60-62 (90) 39 
CeHi1 58 
CsHi0 CH; 72-73 (15) 12 
CsHio0 C2Hs — 39 
CsHio C3H; = 0 
CsHio CoH = 46 
CH, CoH, GH; 50-51 (30) 38 
CoH, CoH; = 77 
n-C4Hy CH, CGH 77-78 (15) 29 
H C.Hs C.Hs —_ : 


* Determined from infrared spectrum of crude reaction product in solution. 


F cl hi 
ScHCi 4: 3LIN(GH3)2 ——> (CoH),N—C=C-—N(G@H3), ~— (28) 


F Sa ~80°C 
(60%) 
i Br 

2 ae +3LiIN(CjH33) ——> f-Bu—C=C—N(GoH3)2 = (29) 

Br H (48%) 

FO st 

CoH Coes + 2LiIN(C2Hs)2 Se CsHs;C==C—N(C2Hs)2 (30) 

(86%) 

p-CH3;—C.sH,—S—C==CHCI + 2LiN(C2Hs)2 re 
Cl 
p-CH;—C,.H,S—C=C— N(C2Hs)2 3 1 ) 
(70%) 


Strobach [21a] and Viehe [21b] reported that ynamines are produced by 
the reaction of lithium dialkylamides with 1,1-difluoroethylenes. 


RCH=CF, + 2LiN(C;H;), ———> RC=CN(C;H;), (32) 
R = alkyl or aryl 


In a related manner, ketene S,N-acetals also react with alkali metal amides 
to give ynamines [19] (Eq. 30). Some examples are shown in Table V. 
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TABLE V 
R YNAMINES FROM KETENE S,N-ACETALS AS DESCRIBED 
IN EQUATION (33) [19] 
R’ R,” Base B.p., °C (mm Hg) Yield (%) 
CeHs Oo N LiN(C2Hs)2 99-100 (0.01) 40 
a NaNH> = 50 
NaNH,—C;H 1 1N a 50 
a 
H @) N NaNH.,—C;H,,N —_ 
‘/ 


“Its presence was ascertained only from the solution ir spectrum. 


R'CH=C—NRi” 78 RC=C_NR,” (33) 
SR 


3-1. Preparation of 1-Chloro-2-N,N-diphenylaminoacetylene [18] 


1, CsHs—MgBr 
HC=C—N(C¢Hs)2 reo ae Cl—C=C—N(CgHs)2 + HC=C—N(CeHs)2 
acd 2. NHsCi+H20 


(34) 


To a flask containing 20.1 gm (0.076 mole) of 1,2-dichloro-1-N,N-diphenyl- 
aminoethylene in 100 ml of ether is added 0.1 mole of phenylmagnesium 
bromide dissolved in ether and 0.12 mole of hexamethylphosphoramide. The 
reaction is kept at 40°C for 2 hr and then added to an ice-ammonium chloride 
solution. On removal of the ether, the product, 5.3 gm (42°), ir 2220 cm=! 
(C=C), is isolated. The product on recrystallization from hexane yields white 
crystals, m.p. 105°C. In addition, 1.2 gm (35°%) of N,N-diphenylamino- 
acetylene is isolated, b.p. 97°C (0.1 mm), n3? 1.6188. The Latter ynamine can 
be obtained as a crystalline solid on cooling, m.p. not reported. 


4. OXIDATION REACTIONS 


The air oxidation of phenylacetylene and secondary amines in the presence 
of cupric acetate in benzene solution yields ynamines [22]. This reaction re- 
quires only catalytic amounts of cupric salts and gives high conversions in less 
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than 30 min when the Cu*?/phenylacetylene ratio is only 0.02. Only 1,4- 
diphenylbutadiyne is produced if the stoichiometric amount of cupric ion is 
used in the absence of oxygen. The yield of ynamine can be increased from 45 
to 90% if the stoichiometric amounts of a reducing agent such as hydrazine 
are continuously added during the course of the reaction. The use of primary 
amines under similar conditions yields the acetamide derivative. 


4-1. Preparation of N,N-Dimethylamino-2-phenylacetylene [22] 


( p-c=ct TIN(CH gy oe 
CoHe 
( \-cc-neis, + ( \-oc-omc{ \ +H,0 (35) 


Toa flask containing 2.0 gm (0.01 mole) of cupric acetate in 25 ml (0.38 mole) 
of dimethylamine in 100 ml of benzene at 5°C are added dropwise simul- 
taneously a solution of 5.1 gm (0.05 mole) of phenylacetylene in 100 ml of 
benzene over 30 min and a stream of oxygen (1.0 ft?/hr). The oxygen stream is 
added for 30 min more after the phenylacetylene addition has been completed. 
The copper ions are precipitated by adding 100 ml of ice water. The organic 
layer is separated, dried, and concentrated under reduced pressure. A gas 
chromatograph of the crude (column 10 ft x 4 in. 410 gum rubber) showed 
two peaks: N,N-dimethylamino-2-phenylacetylene and 1,4-diphenylbutadiyne. 
The ynamine was obtained in 40 % yield as determined by reaction of the crude 
mixture with dilute hydrochloric acid and isolating the resultant N,N-dimethyl- 
aminophenylacetylene. The ynamine has characteristic ir absorption bands at 
2205 and 2235 cm™! and NMR absorption bands at 6 7.14 (4.0 protons) and 
2.73 (6.05 protons). 


5. REARRANGEMENT REACTIONS 


An attempt to alkylate phenothiazine with propargyl bromide using sodium 
hydride in dimethylformamide afforded a 70% yield of N-(1-propynyl)pheno- 
thiazine instead of the expected N-(2-propynyl)phenothiazine [7]. This reac- 
tion (Eq. 36) constituted the first synthesis of an ynamine [7]. Other diaryl- 
amines such as diphenylamine react in a similar manner [12]. In both cases 
the propargylamine can be isolated and separately rearranged to the ynamine 
using dimethyl sulfoxide and potassium amide at ambient temperatures [12]. 
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Viehe also reported that propargylamines can be rearranged to ynamines 
by contacting with a dispersion of potassium metal or potassium amide on 
alumina [12a]. (See Table VI.) 


. CH=C—CH>Br 
cr ail +NaH+DMF 9 ——————> 

N 

H 


tap ech bac—cH, (36) 
(70%) 


5-1. Preparation of N-(1-Propynyl) phenothiazine [7] 


To a flask maintained with a constant nitrogen atmosphere and containing 
7.2 gm (0.3 mole) of sodium hydride in 600 ml of anhydrous dimethylform- 
amide (DMF) is added portionwise 60 gm (0.3 mole) of phenothiazine. The 
reaction mixture is warmed to 50°C for an additional 2 hr and then raised to 
70°C while a solution of 35.7 gm (0.3 mole) of propargyl bromide in 50 ml of 
DMF is added dropwise. The reaction mixture is heated for 2 hr at 70°C and 
kept overnight at room temperature. The solvent is removed by distillation at 
reduced pressure, and the residue is added to water. The insoluble product is 
extracted into ether, washed with water, dried, and concentrated by distillation 
to give 52 gm (87 %) of an oily crude product. The oil solidifies when hexane is 
added, or when the oil (52 gm) in benzene is passed over a column of alumina, 
to give 48 gm (81%) of colorless crystals, m.p. 95°-96°C. 

Other related rearrangements have been reported to occur by heating di- 
arylaminoacetylenic tertiary alcohols with potassium hydroxide (Eq. 37) 
[12]. (See Table VII.) 


CH; 
Cu* 
(C6Hs)2N—CH2—C=CH + Bee GH.NH, 
i 
KO 
me ac ace aS sore” (CoHs)2N—(C=C),—CH3 (37) 
OH 


More recently it has been reported that a dispersion of potassium amide on 
alumina is an active catalyst for the isomerization of N,N-dialkylprop-2- 
ynylamines into allenamines and ynamines [23]. For example, using potassium 


REARRANGEMENT OF PROPARGYLAMINES TO YNAMINES [12a] 


TABLE VI 


Example 


OANME WN — 


10 


11 


Propargylamine 


(C,H,),N—CH,—C=CH 
(C,H,),N—CH,—C=CH 
(C,H,),N—CH,—C=CH 
(C,H,),N—CH, -C=CH 
(C,H,),N—CH,—C=CH 
(C,H,),N—CH,—C=CH 
(C,H,),N—CH,—C=CH 
(CH;),N—CH,—C=CH 


CH=C—CH,N | 


CH=C—CH,— 


CH=C—CH,— 


Oe 


Rearrangement 
catalyst 


Al,O3/KNH,/K 
Al,O, + KNH, 
Al,O, + KNH, 
Al,O, + KNH, 
Al,O, + K 

Al,O, + KNH, 
Al,O, + KNH, 
Al,O, + KNH, 


Al,O; + KNH, 


Al,O, + KNH, 


Al,O, + KNH, 


Ynamine 


CH,C=CN(C,Hs), 
CH,C=CN(C,Hs), 
CH,C=CN(C>H;), 
CH,C=CN(CHs), 
CH,C=CN(C>H,), 
CH,C=CN(C,Hs), 
CH,C=CN(C,H,), 
CH,C=CN(CH;), 


CH,C=C—N | 
CH,C=C—N_) 


CH,C=C—-N O 
eee 


B.p. 
(mm Hg) 


127-130 (760) 
127-130 (760) 
127-130 (760) 
127-130 (760) 
127-130 (760) 
127-130 (760) 
127-130 (760) 
90-100 (760) 


Yield (%) 


60 
43 
30 
34 
13 
20 
65 
25 


35 


38 


25 
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TABLE VII 


REARRANGEMENT OF DISUBSTITUTED AMINO DIACETYLENIC 
TERTIARY ALCOHOLS TO YNAMINES [12] 


Diacetylenic alcohols Ynamine 
Starting propargylamines Yield (%) M.p. CC) Yield (%) M.p. CC) 
N-Phenylmethylpropargylamine 60 53 50 62 
N-Propargyldiphenylamine 70 74 38 68 


amide/alumina 0.003 mole/ml ratio, an amine/catalyst mole ratio of 4.0, and 
an amine/benzene (vol./vol.) ratio of 2.0 yields 60% of the ynamine from 
N,N-diethylprop-2-ynylamine [23]. The reaction mixture is refluxed and the 
course of the reaction is followed by ir. The reaction.is stopped when the ir 
gives the highest absorption at 4.5 u and no absorption at 3.0 u (0.025 mm 
cell) (Eq. 38). 


HC==C—CH2NR2, —> CH,=C=CH—NR, — CH;—C=C—NR, (38) 


(ir=3.0p—C=CH)  (ir=5.24>C=C—CQ) (ir = 4.5 p» —C=C_) 


6. MISCELLANEOUS REACTIONS 
(1) Conversion of aminochloroethylenes to ynamines [24]. 


R—C—C- 


R -HCI 
SCc=CH—Cl ——> Be + | ——> RC=C—NR,’ (39) 
NR,’ R2’ 


(2) Synthesis of alkenylynamines [25]. 


H3C 


CH 
>c=CH-NK” ? + KO—+-Bu + CHCl; ——> 
H;C CH; 


H3C CH irs 
ly CH 
HO SNC 0 > CHC C=C NG"? (40) 
Cl cl CH3 CH3 


(20-30 %) 


150 5. Ynamines 


(3) Ynamine thioethers from dichloroethylene thioethers [26]. 


Cl Cl 3LiINRR’ 3LiINRR’ Cl H 
bs < a> =RR’N—C=C_—-SR”? << Sc=c 
HH’ ~ ~SR’ roa 
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CHAPTER 6 / UREAS 


1. INTRODUCTION 


The direct synthesis of ureas from amines with carbonyl] derivatives is not 
always convenient because of the pressure equipment that is necessary. On the 
industrial production scale this is usually no problem. 

The most practical laboratory methods involve the condensation of amines 
with either ureas, isocyanates, or isocyanate derivatives. The use of difunctional 
reactants yields polymers (Eq. 1). 


e) 
neta 
COX 
a X= As Ss, 
2 re) 
C2H Beane H set 
RNHCNHR’ <—————  RNH, — ~——> RNHCNH; (1) 
S 
we 0/ EX, 
s e & NC Oo 
[ . > I 
RNHCNHR’ q RNHCNH,; 
RNHCNHR’ 


If isocyanates are available, they may be allowed to react with water to yield 

symmetrical ureas (Eq. 2). 
i 
2RNCO +H2.0 ——> RNHCNHR+CO, (2) 

Urea itself is the starting material for the preparation of various important 
linear and cyclic urea derivatives. For example, the reaction of formaldehyde 
with urea leads to 1,3-dimethylolurea. Heating this product converts it into a 
polymeric methyleneurea resin of wide industrial importance in adhesives and 
coatings. These resins are called U/F or urea-formaldehyde resins. 

Substituted urea compositions also find use in a wide variety of other 
applications such as in the pharmaceutical [1b] and herbicidal [1c] areas. 


2. CONDENSATION REACTIONS 


A. Reactions of Amines with Urea 
One of the most general methods of preparing urea derivatives in the 
laboratory involves the condensation of primary amines with urea. The 
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reaction does not proceed as well with secondary amines. The availability of 
urea gives this method an advantage (Eq. 3). 


fe) 
| + ] 
H,NCNH; + RNH2 (or RNH;X-_ ——> RNHCNH,+NH4XorNH; (3) 


Polyureas are obtained when a diamine is condensed with urea (Eq. 4). 


re) 
I I 
H.NCNH,+H2NRNH, ——> -—-RNHCNH-}, +2NH; (4) 


2-1. Preparation of p-Ethoxyphenylurea [1a] 


° 
+ l 
ono) kine +NH,—C—NH, ——> 
T 
Co a +NH,C1 (5) 


To a 1 liter flask equipped with a condenser and mechanical stirrer is added 
a mixture of 87.0 gm (0.50 mole) of p-phenetidine hydrochloride and 120.0 gm 
(2.0 moles) of urea. To the stirred mixture is added a solution prepared from 
200 ml of water, 4.0 ml of concentrated hydrochloric acid, and 4.0 ml of glacial 
acetic acid. The solution is heated by means of an oil bath and refluxed for 
14 hr while the product is precipitating. At the end of the reaction period the 
entire contents appear to have solidified. The reaction is cooled, the solid is 
broken up, suspended in water, filtered, and dried to obtain 740-810 gm 
(82-90 %) of a pale-yellow crude solid, p-ethoxyphenylurea [2-4]. Recrystal- 
lization from boiling water gives an 80% recovery of material, m.p. 173°- 
174°C. The by-product is sym-di(p-ethoxyphenyl)urea [(p-C,H,0C,H,NH),- 
CO] which is insoluble in boiling water. Prolonged boiling of p-ethoxyphenyl- 
urea in water will slowly convert it into sym-di(p-ethoxyphenyl)urea. Heating 
sym-di(p-ethoxyphenyl)urea with urea, ammonium carbamate, ammonium 
carbonate, or ethanol and ammonia converts it into p-ethoxyphenylurea again 
[5, 6]. 

More recent literature indicates that N,N-dialkylureas can be prepared in 
good yield by heating urea in a solvent (o-dichlorobenzene or xylene) to 
120°-135°C while adding the amine at atmospheric pressure [6b] as de- 
scribed in Table I. 
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TABLE I 


PREPARATION OF N,N-DIALKYLUREAS BY THE REACTION OF AN ALKYLAMINE AND UREA IN AN 
ORGANIC SOLVENT 


Moles R nent 2 
Solvent Temp. Yield 

Alkylamine Alkylamine Urea (liters) (CC) (%) m.p. (°C) 

(CH3),NH 24 20 o-Dichlorobenzene 135 97 182-183 
(2.5) 

(C,H,),NH 3.0 3 Xylene 130-135 83 67 
(0.5) 

(n-C3H,),NH 3.0 3 Xylene 130-135 80 69 
(0.75) 

CH3;NH, 3.9 2.0 Xylene 120-125 75 96 
(0.4) 

C,H;NH, 2.75 2.0 Xylene 120-125 83 86 
(0.5) 

C3H,NH, 2.05 2.0 Xylene 120-125 81 101 
(0.55) 

n-C5H, ,NH, 2.0 20 Xylene 120-125 88 94 


Another process utilizing no solvent has been reported for reacting 
dimethylamine (1 molar excess) with urea at 127°C under anhydrous 
conditions to give dimethylurea (m.p. 180°-185°C) [6c]. 


2-2. Preparation of Poly(4-oxyheptamethyleneurea) [7] 


I N 
NH,CNH) + H2N—(CH2)3—O—(CH;);—NH, —7> 


heat 


| 
+(CH2);—O—(CH2);—NHC—NH-+},, +2NH; (6) 


To a test tube with a side arm are added 7.5 gm (0.125 mole) of urea and 16.5 
gm (0.125 mole) of bis(y-aminopropyl) ether. A capillary tube attached to a 
nitrogen gas source is placed on the bottom of the tube and the temperature is 
raised to 156°C and kept there for 1 hr, during which time ammonia is evolved. 
The temperature is raised to 231°C for 1 hr and then to 255°C for an additional 
hour. At the end of this time a vacuum is slowly applied to remove the last 
traces of ammonia. (CAUTION: Frothing may be a serious problem if the 
vacuum is applied too rapidly.) The polymer is cooled, the test tube broken, 
and the polymer isolated. The polymer melt temperature is approximately 
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190°C, and the inherent viscosity is appee mally 0.6 in m-cresol (0.5 % con- 
centrated, 25°C). 

Symmetrical diaryl- or dialkylureas are prepared in good yield by heating 
the respective primary amines and ureas in the dry state at 160°C [8] or by 
boiling an aqueous or anhydrous solution of the amine hydrochloride with 
urea (9, 10a, b]. The reaction is thought to involve the steps shown in Eqs. 


(7)-(10). 


fe) 
GeeNiD == = __NH4NCO (or NH; + HNCO) (7) 
re) 
RNH,+ NH,NCO = ae eee (8) 
fe) 
SNHONTE === RNCO+NH3+H,0 (9) 
6) 
RNH,+RNCQ  ——> aNHeNHR (10) 


This process may be interrupted in the case of the reaction of aniline with 
urea to give phenylurea in 55% yield and sym-diphenylurea (carbanilide) in 
40% yield [11a]. 

Another reported process involves the reaction of urea with an alkylamine 
in the presence of the trialkylamine at 150°-70°C under pressure to give high 
yields of the 1,3-dialkylurea [11b]. Heating under pressure (21 bars) at 205°C 
for 4hr of a 1:4 molar ratio of urea and alkylamine and continuously 
removing unreacted alkylamine and ammonia gives a 99° yield of 1,3- 
disubstituted urea [11c]. 


2-3. Preparation of Phenylurea and sym-Diphenylurea [11a] 


+ I ~NH,Cl 
CsHsNH3CI- + NH2CNH 


| CsHsNH;CI- 
CsHsNHCNH, —————> (CsHsNH),CO+NH,CI_ (11) 
To a flask equipped with a reflux condenser and mechanical stirrer are added 
39.0 gm (0.30 mole) of aniline hydrochloride, 19.0 gm (0.32 mole) of urea, and 
150 ml of water. The solution is boiled for 14 hr while crystalline carbanilide is 
separating out. The mixture is filtered, the carbanilide washed with 100 ml of 
water, and the combined filtrates are chilled to remove the phenylurea, which 
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crystallizes out. The filtrate is again refluxed for 14-2 hr while carbanilide 
separates out. The process [13] is repeated two or three times, and in each case 
the phenylurea is collected by chilling the filtrate. The mother liquor is finally 
evaporated to half its volume to yield additional carbanilide and phenylurea 
from the filtrate. The total amount of carbanilide obtained is 12-13 gm (38- 
40%), m.p. 235°C (recrystallized from alcohol, 100 ml/2.5 gm product). The 
crude phenylurea contains a little carbanilide which is less soluble in boiling 
water. Carbanilide separates out first and is filtered off while the solution is still 
hot. On further cooling, colorless, stout needles or flakes of phenylurea precipi- 
tate to yield 21-23 gm (52-55%), m.p. 147°C. 


Heating aniline, instead of aniline hydrochloride, with urea produces pre- 
dominantly carbanilide [8]. 

Unsymmetrically disubstituted ureas, such as phenyl dialkylureas, have 
also been reported to be made by the reaction of diphenylurea and dialkyl- 
urea at 420°-460°C [11d]. Unsymmetrical arylalkylureas can also be made 
by reacting a phenylurea with an alkylamine to liberate ammonia [1 le]. The 
example cited in the latter reference is 1-chlorophenyl-3-dimethylurea. 


B. Reaction of Amines with Cyanic Acid 


Amines also react with cyanic acid produced in the decomposition of 
nitrourea to give 70-95% yields of alkylureas [13-18] (Eqs. 12 and 13). This 


i i 
+ 
NH2CNH,2+ HNO; ——*> NH2—C—NH;3NO;- ——> 


re) 
I 
NH»CNHNO, —>» HNCO+N;0+H;0 (12) 
I 
HNCO + R!IR2NH ——* R!R2NHCNH? (13) 
R!=H 
R2 = alkyl 
R? = HOCH,CH? 
R! = R2=alkyl 


reaction is also possible with the aid of cyanic acid produced from sodium 
or potassium cyanate and an acid. 
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2-4. Preparation of p-Bromophenylurea [19] 


| 
p-Br—CsH4—NH; + HNCO —— > p-Br—CsH,—NHCNH)? (14) 
CAUTION: Use a well-ventilated hood. 


To a flask equipped with a stirrer, condenser, and dropping funnel is added 
a solution of 86 gm (0.5 mole) of p-bromoaniline dissolved in 240 ml of glacial 
acetic acid and 480 ml of water at 35°C. The dropwise addition of a solution 
of 65 gm of sodium cyanate dissolved in 450 ml of water at 35°C is begun and 
continues until a white crystalline precipitate of the product is evident. At this 
point the remaining sodium cyanate solution is quickly added to the vigorously 
stirring reaction mixture. As the product begins to separate, the temperature 
rises to 50°-55°C. The thick suspension of the product is stirred for an addi- 
tional 10 min, allowed to remain at room temperature for 2-3 hr, diluted with 
200 ml of water, filtered, washed with water, and dried to yield 95-100 gm 
(88-93 %) of p-bromophenylurea. The product is recrystallized from aqueous 
ethanol (12 ml ethanol and 3 ml water/gm crude product) to give a 65% re- 
covery of white prisms, m.p. 225°-227°C. Prolonged heating of the product 
will convert it into di-(p-bromopheny])urea. 


p-Ethoxyphenylurea may also be prepared by this method in 95% yield by 
using 0.5 mole of the amine, 500 ml of water, 75 ml of acetic acid, and 1.0 mole 
of sodium cyanate [19]. 

Variation of the aromatic substituents from o-, m-, p-chloro, ethoxy, meth- 
oxy, methyl, or phenyl has little effect on the yield of products usually in the 
54-96 % range [19]. 

p-Ethoxyphenylurea (Preparation 2-1) has also been prepared by the reac- 
tion of p-potassium cyanate or p-phenetidine hydrochloride [20] or p-pheneti- 
dine acetate [21]. p-Bromophenylurea has also been reported to be prepared 
by the reaction of potassium cyanate on p-bromoaniline hydrochloride 
[22, 23a]. 

Isobutylurea is reported to be prepared by the reaction of an aqueous 
solution of isobutylamine hydrochloride and potassium cyanate. Evaporat- 
ing this mixture and then extracting with hot acetone gave the product, which 
is also recrystallized from acetone to give a 55% yield of crystalline product, 
m.p. 140.5°-141.5°C [23b]. 

sec-Butylurea is prepared in a similar manner from sec-butylamine hydro- 
chloride to give a crystalline product, m.p. 169°-170°C [23b]. 

Recently, ethyl-, allyl-, and phenylurea have been prepared by a similar 
method in 78-83% yield by reaction of RNH, and KCNO [23c]. 3- 
Ureidopyrrolidines can also be prepared by this method [23d]. 
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C. Reaction of Amines with Isocyanates 


Another general method of preparing ureas involves the reaction of 
ammonia or amines with isocyanates [24] (Eq. 15). 


I 
RNH,+R’/NCO ——> R’NHCNHR (15) 
R,R’ = H, alkyl, or phenyl 


p-Ethoxyphenylurea has been reported to be prepared by the reaction of 
ammonia on p-ethoxypheny] isocyanate [25]. 

In the reaction of diamines with isocyanates, the use of less than the equiva- 
lent quantities of isocyanates and isothiocyanates yields mono- and disubsti- 
tuted ureas and recovered diamine. The distribution of the products is depen- 
dent on the reactivity of the reagent, on concentration, and on the nature of 
the solvent [26] (Eq. 16). 


H2N(CH2),NH2 + RNCO Se 
H»N(CH2),NH2 + RNHCONH(CH:),NH2 + RNHCONH(CH2),NHCONHR_ (16) 


(D dy) (IIT) 


2-5. Preparation of N-Cyclohexyl-N-(1-methyl-2-propynyl)-N’-p-chloro- 
phenylurea [27] 


NH 


| 
af \-xco +CH;—CH—C=CH ——> 
i 
One a 


CH;—CH—C==CH (17) 


To a flask containing 17.0 gm (0.11 mole) of p-chlorophenyl isocyanate in 
30 ml of ether is added 13.8 gm (0.11 mole) of 3-cyclohexylamino-1-butyne 
over a period of 3 hr at 25°-35°C. An additional 300 ml of ether is added to the 
gelatinous slurry, and the mixture is stirred for 5 hr at room temperature. 
Filtration yields 11 gm of colorless crystals. An additional 20 gm of crude solid 
is obtained by concentrating the ether layer. The total product is recrystallized 
from petroleum ether (30°-60°C) to obtain 18.6 gm (60%), m.p. 107°-109°C. 


In the absence of basic catalysts, propargylamines react with isocyanates to 
give ureas. However, in the presence of basic catalysts, 4-methylene-2-oxazoli- 
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dinones and 4-methylene-2-imidazolidinones are obtained directly or 
through the urea derivative [27] (Eq. 18). 
RNH 
CH;—CH—C==H + R’NCO ——~ ge baaie 
CH;—-CH—C=CH 


NaOCH3 joes ; 


10) 
ae es 


H3C b—cH, (18) 

The relative reaction rates of several amines with phenyl isocyanate in ether 
at 0°C have been determined. Aniline is about half as reactive as ethyl-, n- 
propyl-, -butylamine, and n-amylamine is between eight and ten times as 
reactive as ammonia [28]. 

a-Naphthyl isocyanate has been reported to be a good reagent for aliphatic 
amines and amides [29]. In general, the reaction is carried out in a test tube 
and the reaction may have to be catalyzed by 1 or 2 drops of triethylamine 
dissolved in ether. The reaction of «-naphthyl isocyanate with alcohols and 
phenols is described later, in Chapter 10. 

a-Naphthyl isocyanate derivatives of amines and amides, their properties 
and formulas are listed in Table II. 


TABLE II 


o-NAPHTHYL ISOCYANATE DERIVATIVES OF AMINES AND AMIDES‘ [29] 


= ee (C,H;)3N catalyst 
Amine or Amide M.p. °C) Formula added 
Methylamine 196-197 Cy2H;20N>, Yes 
Ethylamine 199-200 C,3H;4,ON2 Yes 
Dimethylamine 158-159 C,3H;4,ON, Yes 
Diethylamine 127-128 C,;sHisON2 Yes 
Benzylamine 202-203 CygsH;s.ON2 Yes 
Isoamylamine 131-132 CygH2ON? Yes 
Diisoamylamine 94-95  C2,H39ON2 Yes 
Diisobutylamine 118-119 Cy,9H2.ON2 Yes 
Di-n-propylamine 92-93 C;7H220ON2 Yes 
Acetamide 211-212 C,3H;202,N, No 
Acetanilide 116-117 Cy9Hy602N2 No 


a 

* Reprinted from H. E. French and A. F. Wirtel, J. Amer. Chem. Soc. 48, 
1736 (1926) Copyright 1926 by the American Chemical Society. Reprinted by 
permission of the copyright owner. 
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The reaction of diamines with diisocyanates yields polyureas (Eq. 19). 


ae mea a 
H,NR—NH,+R‘(NCO), ——> —lI aes a (19) 
H 
2-6. Preparation of Poly(decamethyleneurea) [30a] 
H2N—(CH));9>—NH?2 + OCN—(CH2);>—NCO oo 
oO 
| 
+ (CH2);0NH—C—NH +4, (20) 


In a three-necked, round-bottomed flask equipped with stirrer, dropping 
funnel, condenser, and drying tubes is placed, under a nitrogen atmosphere, 
19.0 gm (0.11 mole) of freshly distilled decamethylenediamine in 39 ml of dis- 
tilled m-cresol. While vigorously stirring, 24.8 gm (0.11 mole) of 
decamethylene diisocyanate is added dropwise over a 10 min period. The 
dropping funnel is washed with 10 ml of m-cresol, and this is added to the 
reaction mixture. The temperature of the reaction mixture is raised to 218°C 
for 5 min, cooled to room temperature, and then poured into 1.5 liters of 
methanol while stirring vigorously. The polyurea which separates as a white 
solid is filtered, washed with ethanol in a blender, and dried at 60°C under 
vacuum to give 38-40 gm (90-95%), polymer melt temperature 210°C, in- 
herent viscosity in m-cresol 8.3 (0.5% concentration at 25°C). 

Ureas with heterocyclic substituents are prepared by the reaction of 
heterocyclic amines with aryl or alkyl isocyanates [23d, 30b]. The pyridyl 
ureas possess excellent anti-inflammatory properties and the 3-ureidopyrroli- 
dines have novel pharmacological properties (analgesic, central nervous 
system, and psychopharmacologic activities). 


D. Reaction of Amines with Isothiocyanates 


In contrast to isocyanates, isothiocyanates are relatively unreactive toward 
hydroxyl-containing compounds; thus they are not even affected by aqueous 
media [31]. Their reaction with hydroxyalkyl thioureas has been reported 
[32]. With free 2-mercaptoethylamine, 1 mole of phenyl isothiocyanate gave 
the N-substituted product, 1-(2-mercaptoethyl)-3-phenyl-2-thiourea, and 2 
moles gave the N,S-disubstituted product. Isothiocyanates, regardless of the 
relative amounts, reacted with 2-mercaptoethylamine to give the N,S- 
disubstituted products. Cleavage with silver nitrate affords the 1-(2- 
mercaptoethyl-3-alkylureas [33a]. 

Mono- and disubstituted thioureas have been reported to be prepared in 
59-74% yield by the reaction of amines (R’NH,) with isothiocyanates 
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(RNCS), where R’ and R are allyl, H; Ph, H; allyl, Ph; —Me, Ph; Bu, Ph; Ph, 
Ph; and allyl, allyl [23c]. 1,1-Dimethyl-3-alkyl thioureas are prepared by the 
reaction of alkyl isothiocyanates with dimethylamine [33b]. 


2-7. Preparation of 1-(2-Mercaptoethyl)-3-phenyl-2-thiourea [33a] 
+ NaOH 
HSCH,CH,NH;CI- 
S 
CsHsNCS | 


HSCH,CH,NH, ————> CsH;NHCNHCH,CH,SH (21) 

To a flask are added with stirring 6.8 gm (0.06 mole) of 2-mercaptoethyl- 
amine hydrochloride in 35 ml of 95% ethanol, 2.5 gm (0.06 mole) of sodium 
hydroxide dissolved in 4 ml of water, and then 6.8 gm (0.05 mole) of phenyl 
isothiocyanate. The temperature rises to about 39°C and then slowly drops 
to room temperature. After 2 hr at room temperature the mixture is poured 
into 200 ml of ice water, the solid is filtered, washed with water, and dried to 
give 9.7 gm (91%), m.p. 105°-114°C of crude 1-(2-mercaptoethy])-3-phenyl- 
2-thiourea. The product is recrystallized twice from ethanol to give crystals 
melting at 113°-116.5°C. 

Alkyl isothiocyanates are produced by the reaction of alkylamines with a 
mixture of ammonium hydroxide and carbon disulfide, followed by reaction 
with sodium nitrite (in situ generated nitrous acid, pH not less than 5.0) at 
45°C. The alkyl isothiocyanate can be either isolated or reacted with aqueous 
ammonium hydroxide to give the corresponding alkyl thiourea [33g]. 

Allyl and methallyl isothiocyanates can be prepared by the isomerization 
of allyl and methallyl thiocyanates and then reacted with amines to give allyl 
or methallyl thioureas [33c]. The isomerization of alkyl thiocyanates to alkyl 
isothiocyanates has also been reported [33e]. 


E. Reaction of Amines with Urethanes and Carbamates 


Alkylureas can be prepared by the reaction of carbamic acid esters with 
primary and sterically unhindered secondary aliphatic amines [33f]. 


i catalyst i 
(C4H9)2SnO0 
R,R,NH + R,NH—COR, SET acaa R,R,NCNHR,+R,OH (22) 


Some typical examples of this process are shown in Table III [33f]. 
A typical procedure used in Table III is shown in Preparation 2-8. 


2-8. Preparation of n-Hexylurea [33f] 


I | 
n-C,H,;NH, + NH,COCH, ———> n-C,H,,NHCNH,+CH,OH (23) 
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To a flask is added 99.0 gm (1.0 mole) of n-hexylamine, 90.0 gm (1.2 moles) 
of methylcarbamate, 1.0 gm of dibutyl tin oxide, and 100 ml of xylene. The 
mixture is stirred and heated at 120°-130°C while the methanol is removed 
by distillation through a fractionating column. On concentration the product 
is isolated and obtained in 96 % yield (138.2 gm). The product is recrystallized 
once from xylene-naphtha solvent: m.p. 109.5°- 110°C (19.23 % nitrogen was 
found). 


TABLE III 


PREPARATION OF ALKYLUREAS BY THE REACTION OF 
AMINES WITH CARBAMATE ESTERS [33f] 


Amine Yield M.p. 

(R,NH2) R; (%) (°C) 
n-C,H, H 58 96-97 
n-CgH 13 H 96 109.5-110.0 
Cyclo-C,H;3 H 90 194-196 
C,H;CH, H 85 150-151 
Cyclo-C,H,; n-C3H, 88 106-107 
Cyclo-C,H,; n-C,H, 91 115-1165 
n-C,H,3 CoH; 85 72-73 
Cyclo-C,H ;; CoH; 99 187.5-189 


Other suitable catalysts are Lewis acids such as cupric acetate, stannic 
chloride, stannous oxalate, aluminum alkoxide, and other alkyl tin oxides 
used in the amount of 0.05 to 1.0 wt.% based on the amine [33f]. 

A bisurethane of a diamine may be used to react with a diamine to give a 
polyurea (Eq. 23a). 


l 
H,N—R—NH) + C;H;0CNH—-R—NHCOC,;H; ——> 
| Il 
+R—NCNH+ +2C,H;OH (23a) 


2-9. Preparation of Poly(hexamethylene-decamethyleneurea) Copolymer 
[34] 


10) 
] | 
H,N(CH2);9NH2 +C2H sO0C—NH(CH 3 NH_COC ——> 


| 
(CH) ¢-NHUNH-(CH,),NH—C_NH 4,+2C2:H;0H (24) 
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(a) Preparation of hexamethylene bis(ethylurethane). To a three-necked 
flask equipped with mechanical stirrer, two dropping funnels, and condenser 
is added 58 gm (0.5 mole) of hexamethylenediamine in 200 ml of ether. The flask 
is cooled to 0°-10°C with an ice-water bath, while simultaneously from sepa- 
rate funnels 130 gm (1.2 moles) of ethyl chlorocarbonate, 48 gm (1.2 moles) 
of sodium hydroxide in 400 ml of water are added with vigorous stirring. Fif- 
teen minutes after the addition, the solid is filtered and recrystallized from 
benzene-petroleum ether, m.p. 84°C (% yield not reported). 


(b) Polymerization of decamethylenediamine and hexamethylene bis- 
(ethylurethane). To a test tube with a capillary tube for nitrogen gas are 
added 12.4 gm (0.072 mole) of decamethylenediamine and 18.70 gm (0.072 
mole) of hexamethylene bis(ethylurethane). The test tube is heated to 202°C 
while the nitrogen gas is being bubbled through the contents. After 3 hr the 
polymer is cooled under nitrogen and then isolated to give an inherent viscosity 
of 0.2-0.4 in m-cresol (0.5 % concentration, 25°C). The polymer melt tempera- 
ture is about 170°C. 


Ammonia can also react with urethanes to give ureas. For example, p-ethoxy- 
phenylurea can be prepared by heating p-ethoxyphenylurethane with ammonia 
to 100°-180°C [35a]. 

Polymers with terminal benzophenone oxime carbamate groups can be 
reacted with dibutylamine to give dibutylurea end groups [35b]. 


2(C4H9)NH 
(CeHs),C=N—OC—NH(R),NHC—ON=C(CeH) ——_——+ 


(CHa), NHE—NH®).—NHCN(CH,), (25) 


F. Reaction of Isocyanates with Water 


Symmetrical ureas can also be prepared by heating isocyanates with water 
[36, 37] (Eq. 26). 


O 


I 
2RNCO+H,O -——> RNHCNHR+CO, (26) 


2-10. Preparation of 3,3’-Diisocyanato-4,4'-dimethylcarbanilide [36] 


To a flask containing a solution of 8.7 gm (0.05 mole) of 2,4-toluene diiso- 
cyanate in 200 ml of anhydrous ether is slowly added a mixture of 0.432 gm 
(0.024 mole) of water, 50 ml of anhydrous ether, and 0.5 ml of pyridine at room 
temperature. The urea derivative precipitates as a fine powder. Then 10 ml of 
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CH 3 CH; CH; 
NCO ad NCO NCO 
2 —_> (27) 
| 
NCO HN Cc NH 
| 
oO 


water is added and the mixture stirred for an additional $ hr. The product is 
filtered, washed several times with 1:1 anhydrous petroleum ether—diethyl 
ether, dried to yield the product, m.p. 172°-175°C (% yield not reported). 
The intermediate isocyanates can be formed by the reaction of long-chain 
alkyl halides and KCNO in DMF and then hydrolyzed with the stoichiomet- 
ric amount of water (in one step) [37b] to give the urea. The use of long-chain 
a,«-dichloroalkanes in a similar reaction yields the corresponding polyureas. 
Secondary alkyl halide yielded the branched N,N’-dialkylureas [37b]. 


G. Direct Synthesis of Ureas and Polymers from Amines and Carbonyl 
Derivatives 


l 
2RNH, + COX ——> RNHCNHR (28) 
X=0, Ch, S 


a. PHOSGENE 


Primary amines react with phosgene (carbonyl chloride) to give isocyanates 
[38] faster than ureas at temperatures below about 100°C. For example, ani- 
line reacts with phosgene to give phenyl isocyanate below 100°C, but carbani- 
lide is produced when the reaction mixture is warmed at 140°C unless excess 
phosgene is used [39]. 

A few cases have been reported for the preparation of aromatic ureas froma 
primary amine and phosgene. 

Puschin and Mitie reported that phosgene reacted with m-toluidene to give 
CO(NH—C,H,Me),HCI and ethylenediamine gives cyclic ethyleneurea 
hydrochloride (2-imidizolidone hydrochloride) [40]. 

p-Ethoxyphenylurea has also been prepared by the reaction of p-phenetidine 
with phosgene in benzene or toluene and treatment of the product with 
ammonia [20], urethane [35], urea salts [12], acetylurea [41], and a mixture of 
urea and ammonium chloride [42a]. 

1,3-Bis(2-methoxy-5-methylphenyl)urea was recently reported to be pre- 
pared in 89 % yield (m.p. 185°C) by the reaction of 4-methyl-2-aminoanisole 
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in dry pyridine and THF with phosgene dissolved in THF at reflux 
temperatures [42b]. 

Secondary amines react with phosgene to give carbamoyl chlorides [43] 
which, on treatment of excess secondary or primary amine or ammonia, 
yields an asymmetric urea [44-46a, b]. (See also subsection 2.G.h of this 
chapter.) 

Dialkyl amines can be reacted with phosgene in the presence of caustic to 
give tetraalkylureas. The use of halogenated solvent to extract the product for 
easier isolation has been reported [46c]. 


2-11. Preparation of asym-Phenylethylurea [45] 


| 
a +NH; ——~> CoH ae ea (29) 
C.H; C2H; 


To a flask is added 15.0 gm (0.082 mole) of phenylethylcarbamy] chloride 
dissolved in 50 ml of benzene and 20 ml of absolute ethanol. Dry ammonia is 
passed through the solution until no more ammonium chloride is deposited. 
The solution is filtered, the filtrate evaporated, and the syrupy residue extracted 
with benzene. The filtered extract is evaporated again to give a faintly brown 
residue which crystallizes in plates to give 13.5 gm (100%), m.p. 60°C (after 
drying under reduced pressure for 24 hr). 


Tertiary amines react with phosgene to give symmetrical tetrasubstituted 
ureas (Eq. 30). (See Table IV.) This reaction probably involves the interme- 
diate formation of the carboxylchloride [47] (Eqs. 31, 32). In support of this 


re) 
| 
2R3;N+COCl, ——> R,N—C—NR>+2RCI | (30) 


TABLE IV 


REACTION OF TERTIARY AMINES WITH PHOSGENE TO GIVE 
SYMMETRICAL TETRASUBSTITUTED UREAS 


Symmetrical M.p. 

Tertiary amine tetrasubstituted urea CC) Ref. 
CsHsN(C2Hs)2 Diethyldiphenyl- 79 44 
CsHsN(n-Bu)2 Dibutyldiphenyl- 83 44 
Cs6HsN(CH3)2 Dimethyldiphenyl- 122 47 
CsHsNCH3(C2Hs) Diethyldiphenyl- 72-3 47 
Cs6HsCH2N(CH3)Co6H Dimethyldiphenyl- 122 47 
CsHsCH2N(C2H3)Co6Hs Diethyldiphenyl- 72 47 


rr 
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2R3;N + COCI; > [R3NCOCI,] ——*> R,NCOCI + RCI (31) 


R,NCOCI + R3N ——> R,NCONR; + RCI (32) 


proposed mechanism, carbamoyl chlorides react with tertiary amines at 
200°C to give the symmetrical tetrasubsstituted urea [47]. 

Polyureas may be prepared by treating diamines with one equivalent of a 
carbon oxy derivative as shown in Eq. (33). 


NH2.—R—NH?2 + COX ——> 
r 


+ | 
NH;—R—NHCX —@, +£R—NHC—NH+.+H2X (33) 
X = 0, S,Cl2 


2-12. Preparation of Poly(hexamethyleneurea) [48] 


I 
H,N(CH2)sNH2 + COC, ——> -(CH2)s—NHC—NH+,+2HC] (34) 
CAUTION: This reaction should be run in a well-ventilated hood.* 


Toa three-necked, round-bottomed flask equipped with a mechanical stirrer, 
dropping funnel, and condenser is added a solution of 4.95 gm (0.05 mole) of 
phosgene in 200 ml of dry carbon tetrachloride. The solution is vigorously 
stirred while the rapid addition of 5.8 gm (0.05 mole) of hexamethylenediamine 
and 4.0 gm (0.10 mole) of sodium hydroxide in 70 ml of water takes place. The 
reaction is exothermic while the polyurea forms. After 10 min, the carbon tetra- 
chloride is evaporated off on a steam bath or with the aid of a water aspirator. 
The polyurea is washed several times in a blender and air-dried overnight to 
obtain 5.0 gm (70%), inherent viscosity 0.90 (in m-cresol, 0.5% concentration 
at 30°C), polymer melt temperature approximately 295°C. 


b. CARBON DIOXIDE 


In most cases the use of carbon dioxide is too impractical in the laboratory 
because it requires high temperatures and pressures, 100 atm [49a,b] or 
higher [49c-e]. 

More recently some reports claim the formation of N,N’-disubstituted 
ureas at room temperature at atmospheric pressure using amines (RNH;, 
where R = Ph,CH, cyclohexyl Ph, PhCH,, Pr, or Me,CH) and carbon 
dioxide in the presence of tertiary amines (Et3N, etc.) with dicyclohexylcar- 
bodiimide. Yields of 31-98 % are claimed [49f]. When dicyclohexylcarbodii- 
mide was replaced by EIN—=C==NCH,;j the reaction had to be carried out 
under pressure [49f]. 


* We recommend the presence of small amounts of ammonia vapors in the air to reduce 
the danger of escaping phosgene. 
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N,N’-Dimethylurea has been reported to be prepared by reacting methyl- 
amine with CO, at —30° to —50°C for 24 hr to give MeNHCO,NH;Me, 
which can be decomposed to MeENHCONHMe by heating in an autoclave 
(no pressure value reported) [49g]. 


c. CARBONYL SULFIDE 


An example of the use of carbon oxysulfide is the reported preparation of 
aliphatic polyureas. 

The diamine first forms the thiocarbamate salt, which is then heated to form 
the polyurea with liberation of hydrogen sulfide [50a] (Eqs. 35, 36). 


2KCNS + 3H,SO, +2H20 ——~ 2COS + 2H2SO,4 + (NH4)2S0, (35) 


H.2N—R—NH2 + COS ——> 


0 0 
I heat 


H;N—R—NHC—S- “#8 ee ren +H (36) 

The effect of oxygen and hydrogen peroxide on the reaction of carbonyl 
sulfide on primary amines is discussed in Section 3. 

More recently, urea and N,N’-dialkylureas have been prepared using COS 
and NH; or RNH, with decalen or tetralin in the absence of catalysts [50b]. 
The use of propanol as a solvent has also been reported [50c]. 

Zeolites have also been reported as catalysts for the reaction of carbonyl 
sulfide with alkyl or arylamines to give N,N’-disubstituted ureas [50d]. 


d. CARBON MONOXIDE AND SULFUR 


A new urea synthesis involves the reaction of amines with sulfur and carbon 
monoxide at 120°C in methanol solvent to give high yields of 1,3-disubstit- 
uted ureas [51, 52] (Eq. 37). (See Section 3 for related material.) 


CH30H 


l 
2RNH2+CO+S — "> RNH—C—NHR + HS (37) 


R =H, alkyl, or aryl 


When R = H, the following mechanism, in which carbonyl sulfide is an 
intermediate, has been suggested. The presence of carbonyl sulfide in 30% 
concentration in the reaction gases has been found by infrared spectroscopy 
when the reaction is run at 150°C [51, 52] (Eq. 38). 

Aliphatic amines give high yields of 1,3-dialkylureas. Aromatic amines 
react well with the aid of a tertiary amine catalyst in the absence of solvent. 
Triethylamine is satisfactory and is used in the molar ratio of 0.3 to 1.0 of the 
aromatic amine at 100°-160°C for 1.5-3 hr at CO pressures of 300-600 psig. 
Some of the representative results are shown in Tables V-IX. 
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2NH | 
CO+S COS ——> H,NC-SNH, ——> NH,HS+HNCO 


Ae 


H2S + NH; genet (38) 


The preparation of 1,1-dimethyl-3-phenylurea is typical of the experimental 
technique used for the preparation of ureas by this new method [53]. 


TABLE V’* 


PREPARATION OF MONOSUBSTITUTED UREAS 
RNH2 + NH; + CO+S —» H2NCONH?2 + RNHCONH)2 + RNHCONHR (39) 


Yield (%) 

RNH2 H2NCONH; RNHCONH, RNHCONHR 
n-Octylamine 15 51 31 
n-Dodecylamine 19 38 25 
Aniline 52 0.7 16 


*Tables V and VI are reprinted from R. A. Franz, F. Applegath, F. V. Morriss, 
F. Baiocchi, and L. W. Breed, J. Org. Chem. 27, 4342 (1962). Copyright 1962 by the American 
Chemical Society. Reprinted by permission of the copyright owner. 


TABLE VI 


PREPARATION OF UNSYMMETRICAL DISUBSTITUTED UREAS 
RNH:2 + R’NH2 + CO+S -» RNHCONHR + RNHCONHR’ + R’NHCONHR’ (40) 


Yield (%) 

RNH2 R’NH2 RNHCONHR RNHCONHR’ R’NHCONHR 
Ethylamine p-Toluidine — 17 6 
n-Propylamine Aniline — 10 1 
n-Butylamine —_p-Chloroaniline 70 9 
n-Butylamine Aniline _— 37 _ 
n-Butylamine p-Aminophenol 7 30 60 
n-Amylamine p-Aminophenol 20 35 35 
n-Octylamine —p-Aminophenol 65 39 
n-Hexylamine N,N-Dimethyl- 69 —_ —_ 

p-phenylenediamine 
n-Octylamine N,N-Dimethyl- 62 — _— 


p-phenylenediamine 
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TABLE VII? 


1,3-DIARYLUREAS 


I 
2RNH; + CO+S — RNH—C—NHR + HS 


Compound prepared 


1,3-Bis(2-pyridylurea 
1,3-Bis(3,4-dichlorophenyl)urea 


1,3-Bis(2-chlorophenyl)urea 
1,3-Bis(3-chloropheny)urea 
1,3-Bis(4-chloropheny])urea 
1,3-Diphenylurea 
1,3-Bis(4-hydroxyphenyl)urea# 

1 ,3-Bis(2-methoxy-5-chloropheny])urea 
1,3-Bis(4-carboxypheny])urea 
1,3-Bis(2-methy|-5-chloropheny])urea 
1,3-Di-o-tolylurea 

1,3-Di-p-tolylurea 
1,3-Bis(4-methoxypheny])urea 
1,3-Di-2,4-xylylurea 
1,3-Di-2,5-xylylurea 
1,3-Di-2,6-xylylurea 
1,3-Bis(4-dimethylaminophenyl)urea 
1 ,3-Bis(4-carbethoxyphenyl)urea 
1,3-Di-«-naphthylurea 


1,3-Di-8-naphthylurea 
1 ,3-Bis(4-diethylaminopheny])urea* 
1,3-Di-4-biphenylylurea 


Yield 


(%) 


18 
20 


M.p. (°C) 
Obsd. Lit. 
172 175 

277-279 (278-280 by 
synthesis) 
238 235-236 
241 243 
292-294 289-290 
234-235 234 
240 dec. 230 dec. 
241-242 — 
>290 >270 
265-267 — 
263-265 256 
260-262 260-261 
232-234 234 
sub. 260 262 
sub. 275 sub. 285 
>300 _— 
233-236 262 dec. 
215-216 — 
280-292 296 
288-295 301-302 
212-215 223-224 
310-311 315 


169 


(41) 


Recrys- 
tallized 
from 


Methanol 


Methanol 
Methanol 


DMF-H,0 
DMF-H,0 
Methanol 
DMF 
Methanol 
DMF 
Methanol 


DMS 


rr 


* No triethylamine used. 


> Reprinted in part from R. A. Franz, F. Applegath, F. V. Morriss, F. Baiocchi, and C. 
Bolze, J. Org. Chem. 26, 3311 (1961). Copyright 1961 by the American Chemical Society. 
Reprinted by permission of the copyright owner. 
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ll 
2RNH2 + CO+S -» RNH—C—NHR + H2S 
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TABLE VIII’ 


1,3-DIALKYLUREAS 


(42) 
Yield M.p. CC) 

Compound prepared (%) Obsd. Lit. Recrystallized from 
1,3-Dimethylurea 88 101-103 106 Benzene-Skellysolve B* 
1,3-Diethylurea 75 111 112 Water 
1,3-Diisopropylurea 51 192 192 Water 
1,3-Di-n-propylurea 69 102-103 105 Hot water 
1,3-Diisobutylurea 80 128-130 134 Skellysolve B 

— —_— 128 _ 
1,3-Di-n-butylurea 81 67-69 71 Skellysolve F° 
1,3-Di-sec-butylurea 71 135 137-138 Skellysolve F 
1,3-Di-t-butylurea 54 245 242 Methanol 
1,3-Di-n-amylurea 71 79-81 88 Skellysolve F 
1,3-Dicyclohexylurea 68 229-230 230 Methanol 
1,3-Di-n-hexylurea 71 73-14 —_— Methanol 
1,3-Di-n-octylurea 84 89-90 —_— Methanol 
1,3-Di-t-octylurea 29 = =145-147 153 Petroleum ether‘ 
1,3-Di-n-decylurea 70 99-100 — Methanol 
1,3-Di-n-dodecylurea 80 105-106 105.5 Benzene 
1,3-Di-n-tetradecylurea 61 106-107 — Propanol-2 
1,3-Di-n-octadecylurea 71 110-111 113-114 Benzene 
1,3-Bis(2-acetamidoethyl)urea 60 200-202 _— Methanol 
1,3-Bis(3-methoxypropyl)urea 60 47-49 —_— Ether-Skellysolve B 
1,3-Difurfurylurea 73 126-129 124-127 Water 
1,3-Bis(2-N-morpholinoethylurea 60 109-111 —_— Benzene 
1,3-Bis(3-isopropoxypropyl)urea 72 37-39 —_— Skellysolve B 
1,3-Dibenzylurea 60 169-171 169 — 
1,3-Bis(«-methylbenzyl)urea 39 = 121-122 —_ Water 

144-148 — —_ 
1,3-Bis(4-methoxybenzyl)urea 64 176-177 178-179 — 


* Boiling range 60°-71°C. 
> Boiling range 35°-60°C. 
© Boiling point 80°-110°C. 


¢ Reprinted in part from R. A. Franz, F. V. Morriss, and F. Baiocchi, J. Org. Chem. 26, 
3307 (1961). Copyright by the American Chemical Society. Reprinted by permission of the 


copyright owner. 
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TABLE IX? 


PROPERTIES AND ANALYSES OF 1,1-DIALKYL-3-ARYLUREAS 


Compound 


1,1-Dimethyl-3-phenylurea 
1,1-Dimethyl-3-p-tolylurea 
1,1-Dimethyl-3-(2,4-xylyl)urea 
1,1-Dimethyl-3-(2,5-xylyl)urea 
1,1-Dimethy]-3-(2,6-xylyl)urea 
1,1-Dimethy]-3-(]-naphthy]l)urea 
1,1-Dimethy]-3-(2-naphthy]l)urea 
3-(o-Chloropheny])-1,1-dimethylurea 
3-(m-Chloropheny]l)-1,1-dimethylurea 
3-(p-Chloropheny])-1,1-dimethylurea 
3-(3,4-Dichloropheny]l)- 
1,1-dimethylurea 
1,1-Dimethyl-3-(p-methoxyphenyl)urea 
3-(2,5-Dimethoxypheny])- 
1,1-dimethylurea 
3-(5-Chloro-2-methoxyphenyl)- 
1,1-dimethylurea 
1,1-Dimethy]-3-p-hydroxyphenylurea 
3-(p-Carboxypheny])-1,1dimethylurea 
3-(p-Carbethoxyphenyl)-1,1-dimethyl- 
urea 
1,1-Dimethyl-3-(p-dimethylamino- 
phenyl)urea 
3-(2-Benzothiazolyl)-1,1-dimethylurea 
1,1-Di-n- butyl-3-phenylurea 
1,1-Diisobutyl-3-phenylurea 
3-(p-Chloropheny])-1,1-di-7-butylurea 
3-(p-Chloropheny])-1,1-diallylurea 
4-Morpholinecarboxanilide 
4’-Chloro-4-morpholinecarboxanilide 
3’-Chloro-4-morpholinecarboxanilide 
3’,4’-Dichloro-4-morpholinecarbox- 
anilide 


Yield 


(%) 


93 


17 
75 
52 
39 
10 
50 
66 
73 
23 


M.p. °C) Recrystallized 
Obsd. Lit. from 
131-132 127-129 H,0 
152-153 _ EtOH 
133-136 _— CHCl; 
87-88 —_ EtOH 
132-133 _— EtOH 
165-166 —_— MeOH 
203-205 210.5-210.8 EtOH 
104-106 94.1-95.4 MeOH 
144-146 144.3-144.8 EtOH 
170-171 170-171 EtOH 
152-154 155 = 
130-132 — MeOH-H;0 
52-54 — MeOH 
63-66 — Skellysolve B 
194-196 — H,0 
214-216 —_— i-PrOH 
144-146 —_ EtOH 
173-174 —_— EtOH 
214-215. 218-220 MeOH 
82-83 82.7-83.0 EtOH-H,O 
104-106 _— EtOH 
123 122 CsH¢ 
73-74 80-81 i-PrOH 
156-159 161.5-162 MeOH 
196-200 196 MeOH 
129-131 _— CsHe 


150-152 157.1-157.8 | MeOH-H,0 


* Reprinted in part from R. A. Franz, F. Applegath, F. V. Morriss, F. Baiocchi, and L. W. 
Breed, J. Org. Chem. 27, 4342 (1962). Copyright 1962 by the American Chemical Society. 


Reprinted by permission of the copyright owner. 
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2-13. Preparation of 1,1-Dimethyl-3-phenylurea [53] 


CH,OH i 
(CH;))NH + CsHsNH> + CO +S ————> (CH;),NCNHG,H; (43) 


100°C 
(79%) 


To a2 liter Hoke pressure cylinder are added 20.0 gm (0.21 mole) of aniline, 
13.8 gm (0.43 mole) of sulfur, 100 ml of methanol, and 82 ml of an 8.75 M 
(0.73 mole) aqueous dimethylamine. The cylinder is pressurized with 100 
psig of carbon monoxide, and then heated for 2 hr at 100°C. The cylinder is 
then vented and the contents removed from the cylinder by washing with hot 
methanol]. The combined product and methanol washings were filtered hot and 
evaporated to dryness from the methanol. The urea product is recrystallized 
from 400 ml of water to give 27.8 gm (79%) of 1,1-dimethyl-3-phenylurea, 
m.p. 130°-133°C. 

The highest yields were obtained as a dimethylamine to aniline ratio of 2.4: 1. 


Other unsymmetrical ureas are obtained by starting with a dialkylamine 
and a primary aromatic amine to give 1,1-dialkyl-3-arylureas (Eqs. 44-48) as 
shown in Table IX. 


S+CO => cos (44) 


R.NH + COS ——> R,NCOSH-R;NH (45) 


RNH,+ COS Ss RNHCOSH-RNH, => RNCO + RNH2:H2S (46) 


RNCO + RNH, ——> RNHCONHR (47)’ 


RNCO + R2,NH ===> R,NCONHR (48) 


e. CARBON MONOXIDE 


Carbon monoxide can be used to convert amines to ureas by a catalyzed 
carboxylation using mild conditions. Some typical catalysts are selenium 
(and oxygen as a coreagent) and silver acetate. The use of palladium catalysts 
and manganese decacarbonyl requires more vigorous conditions (high pres- 
sures and temperatures) as described in Table X. 


f. CARBONYL SELENIDE 


Related to the selenium-catalyzed carbon monoxide carbonylation of 
amines to give ureas is the reaction of amine with carbonyl selenide to give 
ureas [53b]. The reaction takes place at room temperature. 
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g. CARBON DISULFIDE 


Thioureas are prepared by reaction of amines with CS, by first forming the 
dithiocarbamate amine salt, which on subsequent heating splits off hydrogen 
sulfide. The reaction can be carried 


- —-H2S 
2RNH,+CS, ——— BSH SCyEr = RNHENGE (49) 
s 


out in the presence of water and is usually carried out under pressure at 
50°-150°C [53c-e]. Processes carried out at atmospheric pressure using 
alcohols as solvents [53f] and catalyzed by activated carbon [53g] have also 
been reported. Mixtures of amines have been used to give mixed dialkyl 
thioureas that are more easily pourable because they remain liquid for a long 
period and crystallize only slowly [53h]. 


h. CARBAMOYL CHLORIDES 


Carbamoyl chlorides prepared by reacting phosgene with secondary 
amines can be reacted with other secondary amines to give substituted ureas. 


-HCI R2NH Il 
R,NH +COCI, ———+ R,NCOC] ———> R,NCNR; (50) 


ase 


2-14. Preparation of 1-(p-Chlorophenyl)-1,3,3-trimethylurea [53)] 


ce) Oo 
I Et3N I 
cl NH + (CH;),NCCl| ————> Cl N—CN(CH3), + Et;NHCI 
| dioxane | 


CH; CH; (51) 


To a flask containing 16.1 gm (0.15 mole) of N,N-dimethylcarbamoyl 
chloride in 15 gm of dioxane and heated to 30°-60°C is added a solution of 
17 gm (0.12 mole) of N-methyl-p-chloroaniline, 13.2 gm of triethylamine, and 
25 gm of dioxane over a period of 2 hr. After standing overnight at room 
temperature the resulting mixture is heated at 77°-85°C. for 2.5 hr, then 
cooled, and poured into water. The product 1-(p-chlorophenyl)-1,3,3-tri- 
methylurea, a water-insoluble oil, is extracted into ether and the ether 
extracts washed successively with 1 N hydrochloric acid, 5°% sodium bicar- 
bonate, and fresh water. The ether extract is dried over sodium sulfate and 
distilled to yield 11.1 gm of product (43.5%), b.p. 100.5°-102.0°C 
(0.24 mm Hg), n2> 1.5572. 

The preparation of tetramethylurea by the reaction of dimethylamine with 
N,N-dimethylcarbamoyl chloride in the presence of lime has also been 
described [53k]. 


vLl 


TABLE X 


CATALYZED REACTION OF CARBON MONOXIDE WITH AMINES TO GIVE UREAS 


Amine 
(mole) 


n-C,H,NH, 
(0.1) 


H,NCH,CH,NH, 
(0.1) 


C.H;NH, 


H,NCH,CH,NH, 


Reagent 
other 
than CO 


O, 
(9 ml/min.) 


O, 
(9 ml/min.) 


O; 
(9 ml/min.) 


O, 
(9 ml/min.) 


Catalyst 
(gm) 


Se 
Amorphous 
(0.40) 


Se 
Amorphous 
(0.40) 


Se 
Amorphous 
(0.40) 


Se 
Amorphous 
(0.40) 


Solvent 


THF 
100 ml 


THF 
100 ml 


THF 
100 ml 


THF 
100 ml 


Reaction conditions 


Temp. 


CC) 


20 


20 


20 


Time 


(hr) 


4 


4 


4 


Pressure 


(atm) 


1 atm. 


1 atm. 


1 atm. 


50 


Yield (%) 


95-99 


14 


74 


98 


Product Ref. 
Oo 
I 
n-C,HyNHCNH, 4 
Oo 
! ; 
ZN 
HN NH 
i 
C.H;—CH,NHCNH, 4 
6) 
i 
SN 
HN NH 


SLI 


II 
n-C,H,NH, = Se THF 25 55 Latm. 97 n-C,H,NHCNH, 6 


Amorphous 
(0.40) 
I 
n-C,H,NH, = AgOAc (C,Hs)3N 25 15.5 84 ~100  n-C,H,NHCNH, 7 
(10 mmole) (7 ml) 
| ° 
CH,=CH—CH,NH, — AgOAc = (C2Hs)3N 25 15.5 84 73 CH,=CH—CH,NHCNH, ‘ 
(10 mmole) (7 ml) 
Il 
C,H;NH, _ PdCl, 180 20 98 25 CsH;—NHCNHC,H, 7 
(1 gm) 
i 
Cyclo-C,H,,NH, — Mn,(CO),9 | Heptane — 180-200 ~—:12 130 40 CsH,;3NHCNHC,H,; e 
(1.33) (2.26 gm) 100 ml 


*N. Sonoda, T. Yasuhara, K. Kondo, T. Ikeda, and S. Tsutsumi, J. Amer. Chem. Soc. 93, 6344 (1971). 

> Asahi Chem. Ind. Co. Ltd. and Chiyoda Chem. Engineering and Construction Co. Ltd., Brit. Pat. 1,275,702 (1972); Chem. Abstr. 77, 151527t 
(1972). 

“ F. Tsuda, Y. Isegawa, and T. Saegusa, J. Org. Chem. 37, 2670 (1972). 

4 J. Tsuiji and N. Iwamoto, Jap. Pat. 6890 (1967); Chem. Abstr. 67, 11325u (1967). 

* F. Calderazzo, U.S. Pat. 3,316,297 (1967). 
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i. CARBONATES 


The reaction of primary amines with cyclic and acyclic carbonates is 
reported to give ureas [53], m]. 


fe) 
Il 
ae 
Oo Oo 
R—)—CR’ + 2R?NH, —_— (RANH),C=O + RRC—CRR (52) 
Bo OH OH 
(C.H,O),C=O + 2RNH, ———> (RNH),C=O + 2C,H,OH (53) 


H. Reaction of Urea with Carbonyl Derivatives 


Urea reacts with a wide variety of reagents to give substituted linear and 
heterocyclic urea derivatives. Some of these reactions are summarized in 
Eq. (54) (p. 177). 

Although the reactions of Wilson [60a] and Hurwitz and Auten [60b] are 
not concerned with the carbonyl reactions of urea, they are shown here 
because of the interesting 2-imidazolidinones they form. 

In addition, symmetrical diphenylurea may be metalated to give the dianion 
which then may be condensed with active halogen compounds as shown in 
Eq. (55). This metallation does not work when applied to urea, phenylurea, 


I liq. NH3 
CsHsNHCNHCGsHs + 2KNH, ————> 


10) R R 


a ae 2RX | | 
CsHsN—C—N—CsH; ——> CsHsN—C—NCgH5 (55) 


benzoylurea, or acetylurea [64]. 


2-15. Preparation of 1,3-Dihydroxymethylurea [65] 


(eee 
H2NCNH; + 2CH;=O ——> HOCH,N—C—N—CH,OH (56) 


To a one-necked flask containing a magnetic stirrer bar is added 81.2 gm 
(1.0 mole) of 37% formaldehyde at pH 8.0. All at once, 30.0 gm (0.5 mole) of 
urea is added. The reaction is slightly exothermic and the flask is placed in a 
water bath at 30°C. The reaction mixture is vigorously stirred by means of a 


° I 
AR (NH,—CNH),CHCH, 
HN NH 
OH O 


| \ 
C6Hs—CH—C—CyHs 


CH;CHO [58] 


[60a,b] / [59] 


0 rome) 
Ay ne_dy [61] 
yp Neen a 


te) 


I 
CH3C-—CH3 


RNCo [s 7} 9 


[36] 


I 
NH,—C—NH, 


H,N—CNHCNHR 
[54] | 2CH2=o 2 i (54) 
oO 


(or Ee 
HOCH,—N—C—N—CH,OH I 
HEN SENG 


2CH)=O 


Je CH3OH 
Ghee “SN—CH,OCH, 


oO 
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magnetic stirrer, and within 5 min the reaction becomes exothermic to 50°C. 
The solution is cooled to 25°C and, after standing for 18 hr dimethylolurea 
precipitates as a white solid. The product is washed with ethanol and dried 
under reduced pressure to give 30.0 gm (50%), m.p. 123°-126°C (reported 
126°C) [66]. 

Urea can also react with more than 2 moles of formaldehyde to give the 
difficult to isolate tri- and tetramethylolureas [67a]. More data are needed 
to confirm these results. Urea also reacts with formaldehyde to give urea- 
formaldehyde resins [67b]. 


2-16. Preparation of 4,5-Dihydroxy-2-imidazolidinone (67a, b, 65]. 


Oo 
Oo 00 
ie ie eee 
H,NCNH; + an —_ (57) 
Hs OH OH 


To a resin kettle is added 864 gm (6.0 moles) of 40% glyoxal. The pH is 
adjusted to approximately 7-8. The addition of 570 gm (9.0 moles) of urea 
gives an exothermic reaction. The resulting solution is stirred for 5 hr and then 
approximately half of the water is removed under reduced pressure. While 
concentrating, the product precipitates to give 317.0 gm, m.p. 125°-127°C. The 
filtrate is concentrated again, filtered, and the process repeated several times 
to yield an additional 132 gm of product. Total yield 64%. The by-product 
contains unreacted urea and other products. 


Heating 4,5-dihydroxy-2-imidazolidinone with urea under acidic conditions 
yields tetrahydroimidazo[4,5-d ]imidazole-2,5-diones (glycolurils) [68] (Eq. 
58). (See Table XI.) 


re) 6) 
t eee H+ Peas 
NHC-NH2 + [| => ieee (58) 
OH OH ar 
O 


2-17. Preparation of 2-Imidazolidinone [60a] 


~NH3 
125°C 


it —NH3 AY (59) 


HaNCNHCH:CH:NH2 Sgpaisc” |_| 


I 
NH,CNH; + H,N—CH,CH,—NH), 
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TABLE XI" 


PREPARATION OF SUBSTITUTED GLYCOLURILS 


Concd. 
II? Urea H,O HCl Hrat Mop. Yield 
Product glycoluril (moles) (moles) (ml) (ml) 100°C (°C) (%) 
1,3-Dimethyl- 0.35 0.4° 180 3.5 1 254-256 27 
1-Isopropyl- 0.5 0.5° 200 5 0.5 248-249 51 
1,3-Diisopropyl- 0.1 0.14 250 3 0.5 312-313 71 
1-(n-Butyl)- 0.5 0.8% 300 ~=:10 0.25 267-268" 32 
1-Benzyl- 0.2 0.2" 300 5 1 283-284 65 
1-Phenyl- 0.25 0.25' 500 5 0.5 300 82 
1,4- and/or 1,6-Dibenzyl- 0.05' = 0.1" 100 3 0.3 303-305 20 
1-Carboxymethyl- 0.2 0.214 80 10 0.25 226 43 
1,4- and/or 1,6-Bis(carboxy- 0.1° 0.214 30 5 0.2 257 14 
methyl)- 
1-(Carbethoxy)methyl- 0.2 0.21% 100' 10 0.25 217-218 41 
* 4,5-Dihydroxy-2-imidazolidinone (glyoxal monoureide). ° 1,3-Dimethylurea. *1- 
Isopropylurea. 4 1,3-Diisopropylurea. © 30% commercial glyoxal solution. Tn 
Butylurea. * Brit. Pat. 783,051 (1957) reports m.p. 249°C. * 1-Benzylurea. 
 Phenylurea. J Hydantoic acid. * Ethyl hydantoate. ' Ethanol. ™ Re- 


printed in part from F. B. Slezak, H. Bluestone, T. A. Magee, and J. H. Wotiz, J. Org. Chem. 
27, 2181 (1962). Copyright 1962 by the American Chemical Society. Reprinted by permission 
of the copyright owners. 


Toa resin kettle are added 257 gm (3.0 moles) of 70% ethylenediamine and 
60 gm (1.0 mole) of urea and the mixture is refluxed for a period of 5 hr taa 
temperature of 125°C. Excess ethylenediamine is then distilled off up to a 
temperature of 170°C over a period of about 6 hr. Except for a slight appear- 
ance of cloudiness at 190°-215°C, the reaction mixture remains clear in 
appearance throughout the reaction. On cooling, the product obtained is 
85.0 gm (99%), m.p. 129°-131°C (recrystallized from ethanol). Approximately 
0.7% of insoluble, infusible material is obtained. Using less ethylenediamine 
yields more polymeric and infusible, insoluble material. When | mole of pure 
ethylenediamine per mole of urea is used, the yield is only 51 °% of 2-imidazoli- 
done and the remaining material is chloroform-soluble (20 gm) and insoluble- 
infusible (16 gm). 


The use of a solvent such as ethyleneglycol has also been reported [69]. 

2-Imidazolidinone has earlier been reported to be prepared from diethyl 
carbonate and urea [70] and from urea and phosgene [71]. 

The preparation of 2-imidazolidinethione (ethylenethiourea) has similarly 
been reported to be prepared from ethanolic ethylenediamine and carbon 
disulfide [72]. The reaction is exothermic, and carbon disulfide is added slowly 
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in portions. The product melts at 197°-198°C. Substituting propylenediamine 
in place of ethylenediamine produces an 80% yield of colorless crystals of 
2-thio-3,4,5,6-tetrahydropyrimidine, m.p. 207°-208°C, after recrystallizing 
from water [73]. 


2-18. Preparation of Barbituric Acid [62] 


Oo 
? By 
I C2HsONa HN NH 
H,NCNH> + CH,(COOC2H;)2._ ———> ca + 2C;HsOH (60) 
o~ re) 


To a round-bottomed flask equipped with a magnetic stirring bar, a 
reflux condenser and a drying tube and 250ml of absolute ethanol is 
added 11.5 gm (0.5 gm-atom) of finely cut sodium. To this is added a solution 
of 80 gm (0.5 mole) of diethyl malonate and 30 gm (0.5 mole) of urea in 250 ml 
of hot absolute ethanol. The mixture is stirred vigorously while the contents 
are refluxed for 7 hr. During the reaction a white solid separates and, after the 
7 hr of refluxing, 500 ml of warm water (50°C) is added along with 45 ml of 
concentrated hydrochloric acid. The resulting clear solution is filtered, cooled 
overnight in an ice bath, the resulting solid filtered, washed with 50 ml of cold 
water, and dried at 105°-110°C to yield 46-50 gm (72-78 %), m.p. 247°-248°C 
[74]. 


Barbituric acid may also be prepared by condensing urea with malonyl 
chloride [75] or with malonic acid in the presence of acetic anhydride [76a]. 

The reaction of thiourea with RCOCH,COOC,H, in the presence of 
NaOC,H, has been reported to give thiouracels [76b]. 


re) 
i HN 
H,N—C—NH, + RCOCH,COOC,H, —20@#s, ye || +C,H,OH (61) 
s7~N~>R 
H 


I. Reactions of Olefins or Alcohols with Urea to Produce Alkylureas 


Urea can be reacted with olefins or alcohols to form alkylureas under 
specific conditions. 

Strong acid favors the reaction of olefins and alcohols with urea to give 
mono- and dialkylureas. Particularly effective are tertiary olefins such as 
isobutylene [76c, d] and t-amylene [76e, f]. 

Tertiary alcohols such as t-butyl alcohol give t-butylurea [76g]. Primary 
and secondary alcohols also have been reported to react to give alkylureas 
[76h]. 


§ 3. Oxidation Reactions 18] 
3. OXIDATION REACTIONS 


Few oxidative procedures exist for the preparation of ureas. The reaction of 
phenetidine hydrochloride with a mixture of sodium cyanide and hydrogen 
peroxide has been reported to give p-ethoxyphenylurea [77-78] (Eq. 62). 


c0-{ \ nice +NaCN+H,0, ——> 
cw0-{ \ nie +NaCl+H,0 (62) 


O 


Recently ureas have been obtained by the oxidation of carbohydrazide 
(oxidative carbamylation) [78] with 4 moles of iodine in the presence of 10 
moles of amine (or 2 moles of the amine and 8 moles of triethylamine) using 
dimethylacetamide as solvent (Eq. 63). (See Table XII.) 


NH,NHCONHNH); + 41, + 1ORNH, ——> 


RNHCONHR + 8RNH;CI-+2N, (63) 


TABLE XII’ 


UreEas OBTAINED via OXIDATIVE CARBAMYLATION 


Urea Yield (%) M.p. (°C) 
1,3-Diphenyl- 88 238-239° 
1,3-Dibenzyl- 84 169-170° 
1,3-Dicyclohexyl- 87 216-218? 
1,3-Dibutyl- 61 70° 
1-Benzyl-3-phenyl- 90 171-172° 
1-Cyclohexyl-3-phenyl- 89 1504 


*M.p. 241°-242°C for the 1,3-diphenylurea and m.p. 170°C 
for the 1,3-dibenzylurea are given by P. A. Boivin, W. Bridgeo, 
and J. L. Boivin, Canad. J. Chem. 32, 242 (1954). 

® M.p. 216°-217°C for the 1,3-dicyclohexylurea and m.p. 67°- 
68°C for the 1,3-dibutylurea are given by E. Junod, Helv. Chim. 
Acta 35, 1667 (1952). 

© M.p. 172°C is given by R. N. Lacey, J. Chem. Soc. 845 (1954). 

4 M.p. 149°-150°C is given by W. B. Bennet, J. H. Saunders, 
and E. E. Hardy, J. Amer. Chem. Soc. 75, 2101 (1953). 

* Reprinted from Y. Wolman and P. M. Gallop, J. Org. Chem. 
27, 1902 (1962). Copyright 1962 by the American Chemical 
Society. Reprinted by permission of the copyright owner. 
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A similar procedure using 4-phenylsemicarbazide hydrochloride with 2 
moles of iodine and 6 moles of the amine (or | mole of the amine and 5 moles of 
triethylamine) gave 90% yields of unsymmetrical ureas [78] (Eq. 64). 


RNHCONHNH,CI + 2, + 6R’NH, ——> 
+ 
RNHCONHR’ + 4R’NHGI- + R’NH;CI-+N2 (64) 


R = CoH; 


The method is described here only for the sake of information as more 
work is required to ascertain the preparative value and the general applicability 
of this procedure [78]. 


3-1. General Procedure for Preparation of Symmetrical and 
Unsymmetrical Ureas by the Oxidative Carbamoylation Method [79] 


(a) Symmetrical Ureas. To an ice-cooled flask containing 900 mg (10 
mmole) of carbohydrazide and 100 mmole of the amine dissolved in 20 ml 
of dimethylacetamide is added 10 gm (40 mmole) of solid iodine with stirring. 
After 5 min the iodine excess is removed with a dilute solution of sodium thio- 
sulfate and the product precipitated with 80 ml of water. The urea is filtered, 
air-dried, and recrystallized. 


(b) Unsymmetrical Ureas. To an ice-cooled flask containing 1.86 gm 
(10 mmole) of 4-phenylsemicarbazide hydrochloride and 60 mmole of the 
amine dissolved in 20 ml of dimethylacetamide is added 5.0 gm (20 mmole) of 
solid iodine with stirring. After 5 min the excess of iodine is removed with a 
dilute solution of sodium thiosulfate. The urea product is precipitated with 
80 ml of water, filtered, air-dried, and recrystallized. 

Recently a method has been reported to involve the reaction of primary 
amines with COS in methanol at 25°C. The mixture is oxidized with oxygen 
for 4 hr at 21°C at 3.5 kg/cm? oxygen in an autoclave, using CuSO, or CoC], 
as oxidation catalyst, to give sym-ureas. The intermediate RNHCOS7~ 
RNH,* is postulated [79]. 


Earlier it was reported that hydrogen peroxide and cumene hydroperoxide 
improve the yields of 1,3-diarylureas from the reaction of weakly basic aro- 
matic amines with carbonyl sulfide at elevated temperatures [80]. The results 
are summarized in Table XIII. 


3-2. Preparation of 1,3-Diphenylurea [80] 
i 
2CsHsNH2+COS 4222+ C.H;—-NH—C—NH—CG,H;+S+H,0 (65) 


To a heavy-walled, 2 liter suction flask is added a suspension of 9.3 gm (0.10 


TABLE XIII¢ 


PEROXIDE-INFLUENCED REACTION OF AMINES WITH CARBONYL SULFIDE” [80] 


Peroxide Solvent Time Temp. Yield 

Amine used used used (hr) (°C) Product (%) 
Aniline H,0, H,0 24 25 1,3-Diphenylurea 70 
CH® CH3;0H 72 5 1,3-Diphenylurea 80° 
DPB? CH;0H 24 25 1,3-Diphenylurea 0 
p-Methoxyaniline H,02 H,O0 72 25 1,3-Di-p-methoxyphenylurea 88 
p-Chloroaniline H20, H,0 72 25 1,3-Di-p-chlorophenylurea 14 
p-Nitroaniline H,0, H,0 72 25 No product 0 
H20, CH;0H 120 25 No product 0 
CH? CH;0H 120 25 No product 0 
Benzylamine CH? CH;0OH 96 5 1,3-Dibenzylurea 89 
H,0, H,0 24 25 1,3-Dibenzylurea 75 
n-Hexylamine H,0, H,0 48 25% 1,3-Di-n-hexylurea 66 
n-Decylamine H,0, H,0/CH;0H 48 5 1,3-Di-n-decylurea 16 
2-Aminoethanol CH? CH3;0H 96 25 2-Oxazolidinone 23 
Ethylenediamine H,02 H,0 120 25 2-Imidazolidinone 6 
1,2-Propanediamine H202 H,0 120 25 4-Methyl-2-imidazolidinone 94 
p-Aminophenol H202 CH;0H 24 5 1,3-Di-p-hydroxyphenylurea 32 
2,4,6-Trichloroaniline H,02 CH;0H 96 25 No product 0 
o-Phenylenediamine® H,0, CH;0H 96 25 2-Benzimidazolol 82 
2-Aminodiphenyl H,0, CH;0OH 96 25 No product 0 


(continued ) 


TABLE XII? (continued) 


Peroxide Solvent Time Temp. Yield 

Amine used used used (hr) (°C) Product (%) 
1-Naphthylamine CH? CH;0H 96 25 1,3-Di-1-naphthylurea 42 
2-Naphthylamine HO, H,0 96 25 1,3-Di-2-naphthylurea 17 
CH? CH;0H 96 25 1,3-Di-2-naphthylurea 92 

o-Aminophenol CH? CH3;0H 96 25 2-Benzoxazolol 89 


« All these reactions were run essentially as described for the formation of 1,3-diphenylurea for the aromatic amines and 1,3-dibenzylurea for 
the aliphatic amines. The products were identified by comparison with separately synthesized authentic specimens. 


’ Cumene hydroperoxide. 
© Yield in this case based on the addition of a sodium methoxide in a molar equivalent quantity to the amine. Without the sodium methoxide, 


the yield after 96 hr was only 46%. 
4 Dibenzoyl peroxide. 
¢ Midwest Research Institute reports a 29% yield of benzimidazolone-2 by heating o-phenylenediamine with carbonyl sulfide at 225°C for 


11 hr. 
‘ When this reaction was run at 5°C, the yield of 1,3-di-n-hexylurea was only 43%. 
* Reprinted from F. Baiocchi, R. A. Franz, and L. Horwitz, J. Org. Chem. 21, 1547 (1956). Copyright 1956 by the American Chemical Society. 


Reprinted by permission of the copyright owner. 
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mole) of aniline in 150 ml of water containing 10 ml (0.088 mole) of 30% 
hydrogen peroxide. The flask is placed under reduced pressure and then pres- 
surized to 5 psi with carbonyl sulfide. A snug-fitting rubber stopper and the 
clamped rubber tubing are sufficient to hold the pressure for 24 hr. The solid 
product precipitates and is isolated to yield 9.0 gm, m.p. 231°-232°C, 

The coprecipitating sulfur is removed by suspending the product for 2 min 
in a boiling solution of 7.0 gm of sodium sulfide and 7.0 gm of sodium hyd- 
roxide in 50 ml of water. After cooling, filtering, washing with cold water, and 
drying, the product was isolated in 70% yield (7.5 gm), m.p. 235°-236°C. 


4. MISCELLANEOUS METHODS 


(1) Reaction of «-isocyanato ester with ammonia or primary amines to give 
hydantoin esters [81]. 

(2) Synthesis of carbon-14 labeled 3-(p-chlorophenyl)-1,1-dimethylurea 
(82]. 

(3) Hydrolysis of cyanamides to give alkylureas [83, 84] (Eq. 66). 


O 
NH,—C=N + H;0+ —=—> eee: (66) 

(4) The reaction of isocyanates with amides to give acylureas [56]. 

(5) Direct acylation of urea [55, 85, 86]. 

(6) Preparation of cyanuric acid from urea [87]. 

(7) Addition of aryl isocyanates to benzaldehyde and benzophenone anils 
[88]. 

(8) Addition of aryl isocyanates to N-substituted amidines at elevated 
temperatures [89]. 

(9) Certain polyureas may be made directly from the diisocyanate in the 
presence of dimethyl sulfoxide and a carboxylic acid [90] (Eq. 67). 


RNCO + R’COOH ——> R—NHCOCR’ PRMSO, 
RNH? + R’CO,CH,SCH;+CO, (67) 
RNCO,  (R—NH);CO 


(10) Perfluoroalkyl isocyanates react with stoichiometric quantities of pri- 
mary amines at low temperatures to yield perfluoroalkylureas, and with 
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secondary amines to yield perfluoroacyl amidines [91] (Eq. 68). 


C;F,NCO BNH 6 C,F,-N—C—N—R castanding, «= C,H,C_N—C—NR (68): 
I file © al 
R2NH oO 0) 1) 


C,Fs—C—N—C—NR2 
1 8 
/~\ 


(11) Reaction of urea with alky halides [92]. 

(12) Reaction of urea with halogens [93]. 

(13) Reaction of urea with nitrous acid [94]. 

(14) Preparation of N-ethylene-N’-phenylthiourea from phenyl isothio- 
cyanate and ethylenimine [95]. 

(15) Preparation of sym-diphenylureas by the Curtius rearrangement of m- 
and p-substituted benzazides in toluene [96]. 

(16) Reaction of phenyl isocyanates with phenylsulfonamides, and the alka- 
line decomposition to the diphenylureas [97]. 

(17) Preparation of diarylureas by the reaction of amines with potassium 
O-ethyl monothiocarbonate and dicarbethoxydisulfide [98]. 

(18) Carbonylation of amines to form ureas [99]. 

(19) Addition of amine—boranes to isocyanates to form urea—borene com- 
plexes [100]. 

(20) Reaction of amines with silicon tetraisocyanate and silicon tetraiso- 
thiocyanate to give ureas and thioureas, respectively [10la, b]. 

(21) Direct fluorination of urea [102]. 

(22) Preparation of selenoureas [103]. 

(23) Preparation of 1-butyl-3-p-tolylsulfonylurea by the reaction of butyl- 
carbamoyl azide with sodium p-toluene sulfinate [104]. 

(24) Synthesis of C-3 ureido steroids [105]. 

(25) Preparation of cyclic urea derivatives by the intramolecular condensa- 
tion of 1,1,3,3-tetrakis(2-chloroethyl)urea [106]. 

(26) Reaction of 1-alkyl-3-chloroacetylurea with dialkylamines to give 
1-alkyl-3-(dialkylglycyl)ureas [107]. 

(27) Reduction of the product of 2-butanone (methyl ethyl ketone) with 
urea to give sec-butylurea [108]. 

(28) Reaction of dibutylamine with carbon tetrachloride in the presence of 
hydrogen sulfide under pressure (autoclave) to give dibutylthiourea in almost 
quantitative yield [109]. 

(29) Reaction of urea with ethylene oxide in the presence of DMF to givea 
polyol [110]. 
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(30) Reduction of N-methylolureas to N-methylureas [111]. 
(31) N,N’-Disubstituted thioureas from formaldimines, sulfur, and pri- 


mary amines [112]. 
(32) Preparation of (1H-tetrazol-5-yl)ureas [113]. 
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CHAPTER 7 / PSEUDOUREAS 


1. INTRODUCTION 


In 1894 the first oxygen ether of a urea, a pseudourea, was quantitatively 
prepared by the reaction of ethanol with diphenylcarbodiimide at 180°C in a 
sealed tube [1] (Eq. 1). Shortly thereafter it was shown that sodium ethylate 


H 
| 
C6Hs—N=C=N—C,Hs + CoH30H ——> CsHs—N=C—N—CoH;s_ (1) 
OC2Hs 
reacts with the hydrogen chloride—diphenylcarbodiimide addition product at 


lower temperatures, without the use of sealed tubes, to give the same pseudo- 
urea [2] (Eq. 2). It was also shown that the pseudoureas mentioned can be 


‘i i 
CHES N- GSN GHst NaOC,H,; ——> CgHs—N=—C—N—CgHs (2) 
cl OC>Hs 


made readily at lower temperatures by the sodium ethoxide-catalyzed reaction 
of diphenylcarbodiimide with ethanol [3, 4]. 

In 1874 Claus [5] reported that thiourea reacts with ethyl iodide or bromide 
to give compounds whose structures were first suggested to be pseudothio- 
ureas by Bernthsen and Klinger [6] (Eq. 3). In place of thiourea, symmetrical 


s 
i HaN—C_NH3 s 
CH;CH,I + NH,CNH, ——> I- 
Tost tel SCH,CH; 


disubstituted or monosubstituted thioureas can be effectively used in the same 
reaction [7]. 

Although thiourea readily reacts with alkyl halides or a mixture of hydrogen 
halides and alcohols to give pseudothiourea salts, urea fails to react under 
similar conditions [8, 9] (Eq. 4). 
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S 
| 


ROH + H;N—C—NH)+HX ——> (HaN=C—NH)X- (4) 
SR 
RX + H,NC—NH)2 


Werner [10] later found that urea reacts with methyl sulfate to give 2-methyl- 
pseudourea, but the isolation of the product from the syrup is difficult and is 
usually done via the picrate. The reaction is usually carried out at about 40°C 
(7 hr) because at temperatures above 100°C the reaction is too violent [11] 


(Eq. 5). 


I 
H,N—C—NH, + (CH30),38S0. ——» HN=C—NH) + CH3HSO, (5) 
OCH; 


Janus [11] has recently shown that urea can also be smoothly methylated 
with methyl toluene-p-sulfonate at 80°-90°C to give good yields of crystalline 
2-methylpseudourea toluene-p-sulfonate. 

Stieglitz and McKee [12] in an extension of their earlier work reported that 
2-methylpseudourea can also be prepared by the addition of methanol to 
cyanamide in the presence of hydrogen chloride (Eq. 6). 


NH,CN +CH3OH +HCl 9 ——> NH:—C—NH (6) 
OCH; 


Recently cyanates have been also shown to react with amines to give 
pseudoureas [13]. 

The best methods for preparing pseudoureas are based on these earlier 
methods; they are summarized in Eqs. (7)-(13). 


ROH + R‘N=C=NR” ————> R’N=C—NHR” (7) 
[14-16] 
OR 
- + 
ROH + NH,CN =C— 
2CN + HCl 2, 1722) CIH,N f NH? (8) 
OR 
ok 
ROH + AgNHCN + HCl ma CNS ON (9) 
OR 
, ee R‘ONa 
R’OH + N=C—NQ_, —S ON HN=C—N—R” (10) 


RR” [12, 17-22] : 
or’ R 
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R2SO,4 + i eae —p, 24) AN ad 1) 
OR 


m” 


R”’ oe R 
R-N=C-NG,,+R”OH RON. R-N=C-NX + R'OH (12) 


“a R” 
Jes Gai 
oe +RX —po—> RNH-—C=NHR Cl- (13) 
SR 


Pseudoureas undergo some of the additional reactions [14, 14a, 16, 26] 
shown in Scheme 1. 

Some of the commercial uses that pseudoureas have found are: herbicides 
(27, 28]; inhibitors for discoloration of color photographic layers [29]; 
monomers for the preparation of some novel copolymers [30, 31] and dyes 
(32, 33]. A survey of the recent decennial indexes of Chemical Abstracts should 
be made to see the large number of pseudoureas reported for varied uses. 
Pseudothioureas have also been found useful as radiation protective agents 


[34]. 


SCHEME 1 


I 
R’’HNC—N=C—NH—R”’ 
OR’ 
*2 
(ENE NA. )Cl- 


R’’NCO & O 
OR’ | 


(R=H) 
HCI RNH—C—NH—R’ + R’Cl 


yo 
So 


heat 
R’/OH + RN=C=NR” = R—N=C—NHR” 


OR’ £80, 
oy RNH—C—NHR”+ R’’COOR’ 
- ann Ocl 
RNHCSOR’ + R’”NCS ee 
my RNH—C—N-—R” 
E i ae Ff | +R 
Cc (CH2)a-1 O COR 
RN’ X 


If R’ = (CH2),—Cl,. then X = O; 
if R’ = (CH2),—NHR, then X = NR. 
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To date no general review of pseudoureas or pseudothioureas has appeared, 
but there is a recent review [14] which is limited to O,N,N’-trisubstituted 
pseudoureas. Another review on the use of pseudoureas for esterification and 
alkylation reactions is worth consulting [14a]. 


NOMENCLATURE 


Chemical Abstracts uses the name pseudourea rather than isourea, which 
was widely used in the older literature. The numbering of substituents is shown 
in (I). An analogous system is used with pseudothioureas. 


NSC Nis 
OR 
i253 
(1) 


2. CONDENSATION REACTIONS 


The most important methods of preparing pseudoureas involve: (a) the 
condensation of alcohols with carbodiimides or cyanamides in the presence of 
inorganic bases or salts; (b) the condensation of methyl sulfates or sulfonates 
with urea; and (c) the condensation of alkyl halides with thiourea to give 2- 
alkylpseudothiourea. The pseudourea and pseudothioureas may react with a 
variety of compounds that react with either amino or active hydrogen groups 
to give substituted pseudoureas or pseudothioureas. In some cases heterocyclic 
compounds are formed. 


A. Condensation of Carbodiimides with Alcohols 


The reaction of alcohols with diarylcarbodiimides [16, 35, 36] is catalyzed 
by sodium alkoxides but not by triethylamine. Recently Schmidt and Moos- 
miiller [37, 38] found that cuprous chloride (0.075 mole/100 moles dialkyl- 
carbodiimide) catalyzes the reaction of primary, secondary, and tertiary alco- 
hols with aliphatic carbodiimides to give O,N,N’-trialkylpseudoureas. Several 
examples of the use of these methods are described in Tables I and II. 

In the condensation of diols, halogenated alcohols, amino alcohols, cyclic 
hydroxy ethers, or other bifunctional hydroxy compounds with carbodiimides, 
5-, 6-, and 7-membered 1,3-O-N- or 1,3-N,N-heterocyclics are obtained [14]. 

Allyl alcohols such as linalool have also been reported to react with 
carbodiimides such as diisopropylcarbodiimide [14b]. 
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2-1. Preparation of 2-Methyl-1,3-diisopropylpseudourea [37] 


CH; CH3 CH3 CH3 
a CuCl BS ra 
HO--N=C—N—CH = +CH;0H | "> HO—NH—C—-N—CH (14) 
CH3 CH; CH3 OCH; CH3 


To a dry flask containing 31.6 gm (0.25 mole) of diisopropylcarbodiimide 
and 8.0 gm (0.25 mole) of methanol is added 0.05 gm of cuprous chloride. After 
a short time the reaction mixture gets hot and becomes alkaline. After stirring 
for 4 hr, the product is distilled under reduced pressure to give 38.7 gm 
(97.8%), b.p. 54°C (10 mm) (bath temp. = 80°C), n2° 1.4379, d?° 0.88045. 


This pseudourea reacts with oxalic acid and mercuric chloride to give addi- 
tion compounds useful for identification purposes. 


2-2. Preparation of 2-n-Butyl-1,3-di-p-tolylpseudourea [35] 


cm \nacon{ omy + CH3CH,CH,CH,OH CHsCH2CH2CH20Na, 


OCH,CH,CH,CH; 


To a flask equipped with a stirrer and a condenser with a drying tube is 
added 25 ml (0.274 mole) of n-butanol followed by 1.0 gm (0.0435 mole) of 
sodium metal. After the sodium has reacted, 8.9 gm (0.04 mole) of di-p- 
tolylcarbodiimide in 15 ml of ether is added rapidly. The mixture becomes 
warm and after 15 min it is diluted with ether, washed three times with water, 
dried, and the ether removed under reduced pressure. The residue is a viscous 
oil which crystallizes on prolonged suction to give 11.8 gm (100%). 


The product is recrystallized with petroleum ether (b.p. 30°-60°C) by keep- 
ing the solution at —20°C to afford clusters of fine needles, m.p. 34°C. 


B. Reaction of Cyanamides with Alcohols 


Cyanamide and substituted cyanamides react with alcohols to give pseudo- 
ureas. Cyanamide reacts with alcohols in the presence of anhydrous hydrogen 
chloride, whereas disubstituted cyanamides require slightly more than an 
equivalent of sodium alkoxide for reaction with the alcohol. (See Tables III 
and IV.) Catalytic amounts of sodium alkoxides are sufficient to induce the 
reaction of a cyanamide with primary, secondary, or tertiary alcohols [21] 


TABLE I 


PREPARATION OF PSEUDOUREAS BY THE REACTION OF CARBODIIMIDES WITH AN ALCOHOL CATALYZED BY 
0.1 EQUIVALENT OF SODIUM ALKOXIDE’ 


H 
| 
R'OH + R°N-=C=NR?® -> R?N=C—NR? (16) 
| 
or! 
: ; Yield B.p., °C ny aa 
R R R° (%) (mm) (or m.p., °C) dj 
n-C4Hy n-C4Hy n-C4Ho 65 58 (0.001) 1.4478 — 
CsH 1; (cyclic) n-C4Hy n-C4Ho 73 106 (0.001) 1.4715 _— 
CeH;° n-C4Hy n-C4Hy 44 = 1.5068 0.9832 
CH; C.5Hi, (cyclic) Ce6H, (cyclic) 89 85 (0.025) 1.4945 —_ 
C6Hi1 (cyclic) Ce6Hi, (cyclic) C6Hi; (cyclic) 60 — (85) — 
n-C4Hy n-C4Hg CoH; 85 80 (0.005) 1.5088 0.9823 
n-C4Ho—CH—CH, CoHs CoH; 4) 120 (0.001) -_ a 


| 
C.Hs 


* Data taken from S. E. Forman, C. A. Erickson, and H. Adelman, J. Org. Chem. 28, 2653 (1963). 
* Sodium alkoxide was ineffective as a catalyst but saturated hydrogen chloride gave the product as shown. 
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O,N,N’-TRIALKLYLPSEUDOUREAS (I) FROM MONOHYDRIC ALCOHOLS AND DIALKYLCARBODIIMIDES 


Yield B.p., °C/mm Hg 
ROH R’ R” (%) (m.p. °C) ne ai® ne 
Methanol i-Pr i-Pr 98 54/10 1.4379 0.88045 7‘ 
n-Bu c-Hex 93 132-134/11 1.4772 0.9446 Z 
c-Hex c-Hex 94 162-163/11 (32-33) 1.4945 _ ad 
Me t-Bu 90 51-53.5/11 1.4460 0.9053 . 
Ethanol Me t-Bu 85 58-60/10 1.4438 0.8894 . 
i-Pr i-Pr 94 6465/10 1.4340 0.8649 7 
2-Ethoxyethanol i-Pr i-Pr 88 103—105/10 1.4414 0.9071 . 
2-Diethylaminoethanol i-Pr i-Pr 92 123/11 1.4509 0.8833 ‘ 
n-Butanol i-Pr i-Pr 81 87-89/10 1.4397 0.8582 ‘ 
n-Bu n-Bu 65 —58/0.001 1.44789 — ‘i 
1,2-O-Isopropylideneglycerol iPr iPr 99 86-88 /0.006 1.4516 0.9745 a 
2-Nitro-2-methyl-1-propanol i-Pr i-Pr 73 (53) = aaa 
n-Octanol i-Pr iPr 93 140-141/10 1.4458 0.8569 “ 
Furfury] alcohol i-Pr i-Pr 88 65-67/0.002 1.4764 0.9887 4 
Tetrahydrofurfuryl alcohol i-Pr i-Pr 97 72-74/0.003 1.4649 0.9674 ‘ 
Isopropyl alcohol i-Pr i-Pr 93 66-67/10 1.4298 0.8508 
Cyclohexanol i-Pr i-Pr 92 115-117/10 1.4632 0.9144 ° 
n-Bu n-Bu 65  58/0.001 1.4478° — . 


TABLE II* 
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Menthol 
Borneol 
t-Butanol 


t-Amy] alcohol 


N-Methyl-N-(2-hydroxyethylaniline 
N-Methyldiethanolamine 
N-(2-Hydroxyethyl)aniline 
2-Phenoxyethanol 

Citronellol 

Cholesterol 

Allyl alcohol 

Benzyl alcohol 

p-Nitrobenzyl alcohol 

Quinine 


“E. Schmidt and F. Moosmiiller, Ann, Chem. 597, 235 (1955). 


i-Pr 
i-Pr 
i-Pr 
i-Pr 
Me 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 


1-Pr 
i-Pr 
i-Pr 
i-Pr 
t-Bu 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 
i-Pr 


75-77/0.002 
84-86/0.002 
67-68/9 
81.5-82.5/10 
80-82/10 
123/0,01 
128.5-130/0.001 
122.5/0.001 
97-98/0.005 
102-103/0.01 
(83.5-84) 
7516/10 
92-93/0.01 
(42) 
(110-111) 


°S. E. Forman, C. A. Erickson, and H. Adelman, J. Org. Chem. 28, 2653 (1963). 


© W. Carl, Dissertation, Universitat Miinchen, 1960. 
4E. Schmidt and W. Carl, Ann. Chem. 639, 24 (1961). 


*E. Dabritz, Dissertation, Universitat Miinchen, 1963; E. Schmidt, E. Diibritz, and K. Thulke, Ann. Chem. 685, 161 (1965). 
‘ The abbreviations are: /-Pr = isopropyl; c-Hex = cyclohexyl; 2-Bu =: n-butyl; Me = methyl. 


9 BS, 


* Reprinted from E, Dabritz, Angew. Chem. Int. Ed. Engl. 5, 410 (1966) with permission of the publishers. 
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(Eq. 17). When both R’ groups are secondary alkyl groups, alkaline catalysts 
cannot be used to prepare the pseudourea; however, the use of anhydrous 


R’ R’ 
/ 7 
RO-+N=C-N >= -N=C_N (17) 


‘ | Dee 
OR R 


hydrogen chloride gives the pseudouronium salt. When secondary and 
primary alkyl groups are present, alkaline catalysts are effective [25]. 

Monoalkylcyanamide reacts with alcohols only in the presence of anhydrous 
hydrogen chloride [21]. 


2-3. Preparation of 2-n-Butyl-3,3-di-n-butylpseudourea [21] 


7iwCaHg 7iCaH 
n-CsHyOH + N==C—N Hoan S HN=C—N- (18) 
n-C4Hy | n-C4Hy 
O—n-C,Hy 


To a flask containing 405 gm (5.47 moles) of n-butanol is added 25.3 gm 
(1.1 gm-atom) of sodium metal in small portions. After the reaction is com- 
plete, 154.0 (1.0 mole) of N,N-di-n-butylcyanamide is added with sufficient 
benzene to keep the refluxing pot temperature at approximately 100°C. The 
mixture is refluxed for 3 hr, glacial acetic acid is added to neutralize the base, 
the mixture is washed with water, the organic layer is separated, dried, and then 
distilled to afford 194.0 gm (85%), b.p. 117°C (2.0 mm), 32> 1.4500, 43° 0.8871. 


This procedure is essentially the same for the other pseudoureas shown in 
Table III using either 1.1 or 0.1 equivalent of sodium alkoxide. 

Other references to related procedures can be found in McKee [39] and 
Elderfield and Green [40]. 

1-Cyanopyrrolidine has been reported to react with allylic alcohols when 
catalyzed by potassium hydride in THF to form allylic pseudoureas. These 
pseudoureas can rearrange on heating to form allylic amines [14b]. Propar- 
gyl alcohols react with 1-cyanopyrrolidine at 0°-25°C to give acetylenic 
pseudoureas in crude yields of 85°%. On heating the propargylic pseudoureas 
pseudoureas are converted to 2-pyridones [14c-e]. 

Donetti and co-workers have reported using this reaction for the initial 
conversion of disubstituted cyanamide to the pseudourea, which was then 
hydrolyzed easily to the secondary amine [14f, g]. 


TABLE III* 


PREPARATION OF PSEUDOUREAS BY THE REACTION OF CYANAMIDES WITH ALCOHOLS? IN THE PRESENCE OF SODIUM ALKOXIDES 
R2 


R2 pg 
aunt 7 R'ONa a“ 
R!OH + N=C—NA 33 See * AS Ne (19) 
OR! 
Catalyst B.p., 
RIONa, Yield ei mH 
R! R2 R3 equivalents (%) (mm Hg) (or m.p., °C) ds 
n-C4Hy n-C4Hy n-C4Hy 1.1 85 117 (2) 1.4500 0.8871 
CH; CsH;CH, Cs5H;CH2 1.1 57 133 (0.01) 1.5652 1.0823 
C.Hs < 1.1 66 109 (15) 1.4794 1.0015 
CH,==CH—CH, CH,=CHCH; CH,—CH—CH, 1.1 58 94 (5) 1.4809 0.9555 
n-C4Ho CH2=CH—CH)2 CH,—CH—CH, 1.1 43 100 (5) 1.4796 0.9005 
CH; i a a 1.1 73 71 (0.7) 1.4730 0.9414 
CH; CH; 
CH; CH ae ia Chee 1.1 83 73 (0.5) 1.4665 — 
CH; CH; 
n-CaHy Chen cia Gai at 1.1 82 102 (2.2) 1.4684 0.9134 
CH; CH; 
a Cea es ic 1.1 714 59 (0.005) 1.4656 0.9056 
CH3 CH; CH; 


COT 


TABLE III (continued) 


on Yield cat ms 
R! R2 R3 equivalents (%) (mm Hg) (or m.p., °C) 2s 
n-C,Hy—-CH—CH CH,—C—CH; CH,;—C—CH, 11 57 110 (0.2) 1.4698 0.9043 
i ae a 
CH,;—C—CH; CH,=C—CH, CH,—C—CH, 1.1 18 87 (1) 1.4731 0.9136 
bu, au, ou, 
n-C4Hp—OCH,CH? CH,=C—CH, CH,=C—CH, 1.1 68 128 (1.8) 1.4692 0.9409 
CH; on 
n-C4Hg(OCH2CH2)2 CH,—C—CH, CH,=C—CH, 11 72 140 (0.6) 1.4723 0.9626 
bu, oe 
n-C3H; n-C3H; n-C3H 0.1 72 108 (10) 1.4450 0.8939 
CH,—C—CH, n-C3H, n-C3H, 0.1 62 118 (12) 1.4569 0.9052 
du, 
n-C3H; n-C4Hy n-C4Hy 0.1 72 79 (0.15) 1.4474 0.8825 
n-C,Hy n-CyHy n-CeHs 0.1 68 117 0.15) 1.4520 0.8131 
n-C4Hy CoHs 0.1 76 102 (0.1) 1.5040 0.9758 
(CH3)2—C—CH2 n-C,4Hy 0.1 70 83 (0.02) 1.4650 1.0126 
NO; 


CH; | ; 0.1 90 146 (0.001) 1.4710 _ 
CsHi, (cyclic) | 0.1 89 77 (0.001) 1.4980 1.032 


* Data taken from S. E. Forman, C. A. Erickson, and H. Adelman, J. Org. Chem. 28, 2653 (1963). 
» This reaction does not work for phenol, furfuryl alcohol, or t-butyl alcohol. 
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TABLE IV" 


PREPARATION OF PSEUDOUREAS BY THE REACTION OF CYANAMIDES WITH ALCOHOLS’ IN THE 
PRESENCE OF ANHYDROUS HYDROGEN CHLORIDE [2, 4] 


2 R2 
HCl “ 
R'OH+N=C-N +f, H—N=C—N (20) 
3 OR! R3 
B.p., nS 
°C (or m.p., 
R! R2 R3 Yield (%) (mm Hg) °C) 35 
n-C4Hy i-C3H, i-C3H, 39 62 (0.2) 1.4491 0.9005 
CoH; (cyclic) CoH 11 (cyclic) CoH 11 (cyclic) 14 .115 (0.003) (80) — 
mH CH CH; H CoH 37 95 (0.004) 1.5156 1.0068 
CH; 
n-C4Ho—CH—CH, H n-C4Hy 20 86 (0.005) 1.4591 0.9062 
CoH 
n-C4Hy H cl 44 — — — 


cl 


* Data taken from S. E. Forman, C. A. Erickson, and H. Adelman, J. Org. Chem. 28, 2653 (1963). 
* This method does not work for phenol. 
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NH 
. - MeOH ll s H20 mi 
,N—CN = yN—C—OMe a R,NH (21) 


2-4. Preparation of 2-n-Butyl-3,3-diisopropylpseudourea {21 


Poses /eCsHr 
i-C3H; | i-C3H, 
O—n-C4Hg 


To a flask containing 250 ml (2.74 moles) of n-butanol is added 37.8 gm 
(0.3 mole) of N,N-diisopropylcyanamide. Dry hydrogen chloride gas is 
slowly added, while the temperature is kept at 25°C, to saturate the reaction 
mixture (1.0-1.1 equivalents of hydrogen chloride are satisfactory) [41]. After 
standing for 1-15 days the mixture is made alkaline with sodium hydroxide, 
extracted with benzene, and distilled to afford 23.3 gm (39%), b.p. 62°C (0.2 
mm), 12> 1.4491, d25 0.9005. 


The other isomers shown in Table IV were prepared by a similar procedure. 

Basterfield and co-workers [41] suggest that the use of a large excess of 
hydrogen chloride gas slows the rate of reaction. The use of large amounts of 
alcohol and temperatures in the range 40°-50°C speeds the rate of reaction. 

Other compounds prepared by a similar method are found in Kurzer and 
Lawson [42], Hunsdiecker and Vogt [43], Battegay [44, 45], and Puetzer [46]. 


C. O-Alkylation of Urea 


Werner [10] suggested that, on heating, urea tautomerizes to the pseudourea 
structure which, on reaction with methyl sulfate, allows the isolation of 2- 
methylpseudourea (Eq. 23). The product was difficult to crystallize and it was 
isolated as the picric acid derivative. 


Ear oN — awa (CHRO a, 


OH 


HN=C—NH, + CH3HSO, (23) 
OCH; 


Recently Piasek and Urbanski [47] gave further proof of the pseudourea 
structure of urea by showing that diazomethane reacts at room temperature 
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with urea dissolved in methanol or ethanol to give 2-methyl- or 2-ethylpseudo- 
urea, respectively, in 11-12% yield. 

No alkylation of urea occurred when the reaction was carried out in a less 
polar solvent than ethyl ether. 

Janus [11] has also showed that urea reacts with methyl sulfate or methyl- 
p-toluenesulfonate at room temperature to give the 2-alkylpseudoureas. At 
temperatures of 100°C or more the reaction is too violent; a reaction tempera- 
ture of 30°-60°C is preferred. 


2-5. Preparation of 2-Methylpseudourea [11] 
(CH3)38O4 + HiN—€—NH2 ——> HN=C—NH,+CH3HSO,  ~ithivmpicrate 
OCH; 


: 
ees 


OCH; | picrate- + Li(CH3)SO, (24) 

To a flask containing 60 gm (1.0 mole) of urea is added 126 gm (1.0 mole) of 
méthyl sulfate, and the stirred reaction mixture is warmed for 7 hr at 40°C. 
Stirring is continued until the reaction mixture is clear. The O-methylisourea is 
isolated as the picrate salt by adding 350-400 ml of 2 M lithium picrate in 300 
ml of ethanol. The resulting mixture is boiled on the steam bath for 5 min. 
Most of the picrate dissolves but precipitates on slowly cooling to 0°C. The 
picrate is filtered, washed with ethanol, and air-dried to afford 182 gm (60%), 
m.p. 177°C. 


A similar methylation when carried out at 18°C requires 5 days for comple- 
tion (3 days to become clear). Carrying out the reaction at 60°C requires only 
about | hr. 


NOTE: Pure 2-methylpseudourea has been prepared by Piasek and 
Urbanski [47] and Stieglitz and McKee [12] (m.p. 44°-45°C). 

Reaction of sym-dimethylurea in dry diglyme with sodium hydride while 
refluxing until gas evolution ceases followed by reaction with benzyl chloride 
gives N,N’-dimethyl-O-benzylisourea [11a]. 


I NaH CeHsCH2C! 
CH,NHCNHCH, ————» CH,—N=C—NHCH, ————> 
diglyme | 
62 


CH,;—N=C—NHCH, (25) 
OCH,C.H, 
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D. S-Alkylation of Thiourea 


As for urea, thiourea has been shown to tautomerize to the pseudothiourea 
structure [48] (Eq. 26). 


ti 
H,N—C—NH, =~ H,N—C=NH (26) 


Before the synthesis of the pseudoureas was published, Bernthsen and 
Klinger [6] reported a pseudothiourea synthesis involving the reaction of 
thioureas with alkyl halides. This reaction was briefly reviewed by Dains [16] 
and Stieglitz [49, 50], and it found many commercial applications [5!-53]. The 
preparation of isothiouronium salts by the direct action of thiourea and halo- 
gen acids on alcohols (primary, secondary, and tertiary) was reported by 
Stevens [8] and further developed by Johnson and Sprague [54, 55] (Eq. 27). 


s SR 
l | 
H;N—C—NH,+RX ——» H,N—C=NHDX- (27) 


ROH+HX 


Polymeric pseudothioureas are made by reacting linear polythioureas with 
alkylating agents [56]. Thioureas may also be alkylated by alkyl sulfates, halo- 
hydrins [57, 58], sulfonates [59], alkyl halide derivatives [60-64], and certain 
unsaturated acids and their esters [65]. 

Applications of these methods to various synthetic objectives have been 
reported : the preparation of organosilicon-containing pseudothiuronium salts 
[66], mercaptans from alcohols [9, 67], 2-alkylpseudothiuronium picrates for 
the estimation of tertiary alcohols [68, 69], and alkylsulfonyl chlorides from 
pseudothioureas by chlorination of pseudothiourea-HCl salts [55]. 
(CAUTION: May cause an explosion [70].) 

Thiourea can also be S-alkylated by the acid-catalyzed reaction of unsatur- 
ated compounds with thiourea. For example, thiourea has been reported to 
add with acid catalysis to acrylonitrile and acrylamides. This reaction is a 
route to the synthesis of S-(B-carboxamidoethyl)isothiuronium salts, which 
can be hydrolyzed with cold sodium hydroxide to B-mercaptopropionitrile 
and B-mercaptopropionamides [12a, b]. 


NH,*Cl- 
HC! CH2=CH—CN 
S=C(NH,), ————> [HS=C(NH,),]*CI7 —————> _H,N—C—SCH,CH,CN 
C2Hs0H 
(27a) 
CH HB: CH CH 
2 RT 4 S=CINHD), NA * (27) 


| CH; ete 
*NH,Br- 
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The aqueous acid-catalyzed hydrolysis of arylmethylisothioureas was 
recently reported to take place by an SN, mechanism [12b, c]. 

Alkylpseudothiourea salts (or alkylisothiourea salts) have been used for 
anesthetic agents [12d]. 


2-6. Preparation of 1-Phenyl-3-(2-cyanoethyl)-2-methylpseudothiuronium 
Iodide [71] 


CH31 + a — 


[CsHs—NH=C—NHCH,CH,CNJ]I- (28) 
SCH; 


To a refluxing solution of 9.73 gm (0.047 mole) of 1-phenyl-3-(2-cyanoethy])- 
thiourea in 75 ml of absolute methanol is added dropwise 7.4 gm (0.052 mole) 
of methyl iodide over a 5 min period. After refluxing for 3 hr the solution is 
evaporated to dryness under reduced pressure to give an oil. The oil is tritu- 
rated with 50 ml of acetone to afford 15.1 gm (93 %). Three recrystallizations 
from 3:1 absolute ethanol-ether solution raised the melting point from 152°- 
159°C to 165°-167°C (picrate derivative, m.p. 139°-141°C). 


E. Reaction of Various Reagents with Pseudoureas to Give Substituted 
Pseudoureas 


The active hydrogens of pseudoureas react with various reagents, such as 
sodium hypochlorite [72], acyl halides [73], sulfonyl halides [19], isocyanates 
[26], isothiocyanates (26, 74] cyanamide, [75] and esters [76], to give linear or 
cyclic derivatives as shown in Scheme 2. 


SCHEME 2 
on CH; 
era CH,C=CH-COOR,  # 
: A 
N' 
N~ OR 


S) 
CsH;CONH—C=NH a NC—N=C—NH; 
IC-H;CH—O | 
OC2H; OR 
oe aa ae ee 
R | Oo OR 


CoHs—CH NEC HOR Cl—N=C—NH? 
NH, R 


TABLE V? 


TRANSALKYLATION OF THE 2-METHYL OR 2-ETHYL GROUP OF A TRISUBSTITUTED PSEUDOUREA WITH 
0.1 EQUIVALENT OF SopIUM ALKOXIDE (R, = CH; or C,H) 


R3 R3 
1 RONa 1 4 2 
R'N=C-—-N + ROH =—— aN + R?0H (29) 
Nr‘ Nr4 
OR? OR 
B.p., ( ny 
°C or m.p., 
R! R R3 R‘ Yield (%) (mm) °C) dis 

H oy CE n-C4Hg n-C4Hy 89 94 (0.025) 1.4535 —_ 

C.Hs 

CH; 
H se n-C4Hy n-C4Hy 75 74 (0.002) 1.4538 0.8810 

CH; 
H C6Hi1 (cyclic) n-C4Ho n-C4Ho 74 94 (0.001) 1.4692 0.9320 
H (CH3);—C—CH, CH CH CHO 86 83 (0.5) 1.4623 0.8992 

CH; CH; 

H i CH,;=C—CH2 82 83 (0.004) 1.4883 1.0095 

CH, 

Oo CH; H3 

OH; 

CeHi1 (cyclic) n-C4Hy—CH—CH, H CsHi; (cyclic) 96 128 (0.025) 14815 — 


* Data taken from S. E, Forman, C. A. Erickson, and H. Adelman, J. Org. Chem. 28, 2653 (1963). 
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Trisubstituted pseudoureas undergo a transalkylation reaction where R! 
or R? = H. 2-Methyl or 2-ethyl groups are replaced by alkyl groups of higher 
molecular weight on reaction with the corresponding alcohol in the presence 
of sodium alkoxide catalysts [21] (Eq. 30). The lower-boiling alcohol is 
removed by distillation. This is a useful method for preparing novel 2-alkyl 
derivatives, as seen in Table V. When R? = R* = secondary alkyl groups, the 
reaction fails with basic or acidic catalysts. When R? = secondary alkyl and 
R* = primary alkyl, the reaction proceeds readily. With two secondary alkyl 
groups on different nitrogen atoms, the transalkylation reaction proceeds 


R? R? 

7 RON vA 

RINGO-K, + ROH = RN=-CN +R'OH (30) 
or? * Rp? 


readily under basic conditions. 1,2,3,4-Tetrasubstituted pseudoureas did not 
transalkylate in the presence of an equivalent or excess sodium alkoxide [21]. 


2-7. Transalkylation of Pseudourea: Preparation 2-Cyclohexyl-3,3-di-n-butyl- 
pseudourea [21] 


+ C2H;OH (31) 


To a flask containing 500 ml (4.75 moles) of cyclohexanol is added 2.3 gm 
(0.1 gm-atom) of sodium metal and, after the reaction is complete, 190.0 gm 
(1.0 mole) of o-ethyl-N,N-di-n-butylpseudourea is added. Benzene is added in 
an amount sufficient to hold the pot temperature at about 100°C while the 
mixture is distilled through a 120 x 35 cm column packed with 5 mm glass 
helices. The mixture is kept at a reflux ratio of 20: | to remove the ethanol as an 
azeotrope with the benzene. When no more ethanol distills, the sodium salt 
is neutralized with glacial acetic acid and the mixture is distilled to afford 
180.6 gm (74%), b.p. 94°C (0.001 mm), 12? 1.4692 d2> 0.9320. 

3,3-Dibutyl-2-(2,2,4-trimethylpentyl)pseudourea, an insect repellent, is re- 
ported to be prepared by the base-catalyzed transalkylation reaction of 2,2,4- 
trimethylpentyl alcohol with 2-methyl-3,3-dibutylpseudourea [21a-c]. 
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3. MISCELLANEOUS METHODS 


(1) Preparation of 1,2,3,4-tetrasubstituted pseudoureas by the reaction of 
alkyl-dialkylaminochloroformamidines [21]. 

(2) Reaction of N-(4-chlorophenylimino)chloroformic acid 2,4-dichloro- 
phenyl ester with dialkylamines at room temperature in benzene solution 
to give N-(4-chlorophenyl)-2-(2,4-dichloropheny])-] ,3-dimethylpseudourea. 
Other pseudoureas were prepared similarly [27, 77]. 

(3) Photodecomposition of 1,4-dimethyltetrazolinone [78]. 

(4) Preparation of selenium analogs of 2-aminoethylpseudothiouronium 
salts [79]. 


(5) Preparation of 2-(6-purinyl)-2-pseudothioureas [80]. 


(6) Reaction of cyanates with primary and secondary amines to give 2- 
substituted pseudoureas [13]. 


(7) Reaction of mercaptans with cyanamide to give pseudothioureas [81]. 

(8) Preparation of arylsulfonyl 2-substituted pseudothioureas by the reac- 
tion of arylsulfonyl halides with pseudothioureas [82, 83]. 

(9) Reaction of w-(phthalimidooxy)alkyl bromides with pseudothiourea 
to give 2-[w-(aminooxy)alkyl]pseudothiouronium salts [84]. 

(10) Reaction of thiourea with 2-haloacetamides and 2-haloacetates to give 
pseudothiouronium salts and pseudothiohydantoins [85]. 

(11) Polymeric pseudoureas [86]. 

(12) O-Acylisoureas by rearrangement of acylureas [87]. 

(13) Thiophosphorylisothiourea derivatives [88]. 
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CHAPTER 8 / SEMICARBAZIDES 


1, INTRODUCTION 


Several reviews have covered the preparation and derivatives of semicarb- 
azides [1, 2]. In the recent literature the nomenclature follows the numbering 
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| | 
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(1) 
system in (I) and, the older literature, the system in (ID. 


SN-N—C_NC 
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The methods of preparation of semicarbazides starting with hydrazine are 
summarized in Scheme 1. 
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Chemical Abstracts now names the semicarbazides as hydrazinecarboxa- 
mide using the following numbering system: 


lI 
H,N—NH—C—NH, 
a 3 N 


In Scheme | the most useful laboratory method for the preparation of semi- 
carbazides involves the reaction of hydrazines with ureas or isocyanate deriva- 
tives (organic and inorganic). 

Other substituted semicarbazides are prepared by analogous methods using 
alkyl- or arylhydrazines and similarly substituted derivatives (for example, 
Eq. 1). 


in 
RNHNH, + CsHs—NCS —~> Cs.H;NHC—N—NH? (1) 


Semicarbazide, like other hydrazines, reduces Fehling solution and, unless 
substituted in the 1-position, undergoes the typical hydrazine reactions with 
esters, carbonyl compounds and halides, etc. On heating, it decomposes to 
hydrazine and biurea. 
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One of the most important uses of semicarbazide is as a reagent for 
identifying aldehydes and ketones [3a]. Many semicarbazones have higher 
melting points and lower solubilities than the corresponding phenylhydra- 
zones. The carbonyl compound is easily recovered by hydrolysis in boiling 
water. Semicarbazones have also recently been reported to have antihyper- 
tensive properties [3b]. In addition, semicarbazides have been reported to be 
heat stabilizers for thermoplastic polyesters [3c]. 

Semicarbazide or its derivatives undergo addition reactions which lead to 
substituted semicarbazides; they are shown in Scheme 2. 


CAUTION: Semicarbazides should be handled with care since, like many 
hydrazine derivatives, they may be mutagenic and carcinogenic [3d]. 


2. CONDENSATION REACTIONS 


A. Reaction of Hydrazines with Urea 


The reaction of hydrazine or a substituted hydrazine with urea is a very 
convenient and useful method of preparing semicarbazides in good yields 
(Eq. 2). Table I gives some results of this reaction, and Table IT some results 
of the reaction of substituted ureas with hydrazine to give semicarbazides. 


R!IR2N—NHR3 + NH,CONR‘R5 ——> NH;3+4+ R!R2N—N—CO—NR§RS (2) 
R3 

The preparation of phenylsemicarbazide from aniline and hydrazine hydrate 

is one of the earliest reports of this method [4]. Some more recent examples 


are reported for the preparation of 2-p-cymyl-4-semicarbazide [5], phenyl- 
thiosemicarbazides [6], and 1-isonicotinylsemicarbazide [7]. 


TABLE I 


REACTION OF UREA AND HyYDRAZINES TO GIVE SEMICARBAZIDE 


Starting hydrazine 1-Semicarbazide product . Ref. 
Hydrazine Semicarbazide 8-10 
Phenyl- 1-Phenyl- 11-14 
m-Tolyl- 1-m-Tolyl- 15 
1-Benzyl-1-phenyl- 1-Benzyl-1-pheny]- 16 
2-Nitro-5-chlorophenyl- (2-Nitro-5-chloropheny] -)- 17 
Cymy!l- Cymyl- 18 


4-Sulfamidophenyl- (4-Sulfamidophenyl)- 19 
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TABLE II 
REACTION OF SUBSTITUTED UREAS WITH HyDRAZINE TO GIVE 
SEMICARBAZIDES 
Substituted urea 4-Semicarbazide product Ref. 
Phenyl- Phenyl- 20, 21 
m-Tolyl- m-Tolyl- 22 
p-Tolyl- p-Tolyl- 23 
4-Bromopheny]- (4-Bromopheny])- 24 
4-Nitrophenyl- (4-Nitrophenyl)- 15 
3-Nitrophenyl- (3-Nitropheny])- 25 
2,4-Dinitrophenyl- (2,4-Dinitrophenyl)- 15 
4-Biphenyl- (4’-Bipheny])- 26 
2-Naphthyl- (2-Naphthyl)- 27 
8-Naphthyl- (8-Naphthyl)- 28 
1,1-Diphenyl- Dipheny]-4,4- 29 
Phenyl- (with phenylhydrazine) Dipheny!]-1,4- 6 
p-Cymyl- (with phenylhydrazine) (p-Cymy])-2-phenyl-1- 5 


2-1. Preparation of 4-Phenylsemicarbazide [21] 


fe) 
NH,NH;-H,O + CsHsNHCONH, pin Cott _NHONH_NH, (3) 


To a flask equipped with a reflux condenser are added 68 gm (0.5 mole) of 
phenylurea and 120 ml (1.0 mole) of 42 % hydrazine hydrate solution. The mix- 
ture is refluxed for 12 hr, filtered hot using decolorizing charcoal, and then con- 
centrated to 100 ml. On cooling, the crystalline product separates and it is 
washed with the minimum amount of water. The filtrate is concentrated to 
25 ml and another crop of crystals is collected. The total yield of the crude 
product is 47-52 gm, m.p. 100°-115°C. The product is white but turns brown 
on drying. The product is purified by dissolving in 200 ml of hot absolute alco- 
hol and then treating with 250 ml of concentrated hydrochloric acid. The 
hydrochloride precipitates and is filtered, washed with alcohol, and dried to 
yield 46-48 gm, m.p. approximately 215°C. The hydrochloride is dissolved in 
three times its weight of boiling water. The solution is filtered, heated with 
approximately 100 gm (0.25 mole) of 10% sodium hydroxide solution. The 
free base separates, and after cooling the crystalline product is filtered to yield 
28-30 gm (37-40 %). 


In an improved method, 34 gm (0.25 mole) of phenylurea, 25.0 gm (0.50 
mole) of 100% hydrazine hydrate, and 25 ml of absolute ethanol are refluxed 
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for 24 hr. This procedure eliminates the purification procedure as no unreacted 
phenylurea remains. The yields are also higher [21]. 


2-2. Preparation of 1-Isonicotinylsemicarbazide [7] 


fe) 
| 
ONHNH,; CONHNHCNH, 
ZA ZA 
| +NH,CNH, —S#3 (4) 
N XY 
N N 


A mixture of 13.6 gm (0.1 mole) of isonicotinic acid hydrazide, 16.6 gm 
(0.28 mole) of urea, and 40 ml of water is refluxed for 8 hr while ammonia is 
being evolved. The solid product which separates on cooling is dissolved in 
10% sodium hydroxide solution, treated with charcoal, filtered, and acidified 
with 10% hydrochloric acid to pH 6.0. The white crystalline product that 
separates is purified by recrystallization from water to afford 17.0 gm (94%) 
of colorless shining needles, m.p. 244°C dec. ([30]: m.p. 243°C dec.). 


2-3. Preparation of 1-Benzoyl-4-phenylsemicarbazide [7] 


| _ | 
CsHsCONHNH; + CsH;NHCNH, —“¥35  G,H.CONHNHCNHGH; (5) 


A mixture of 6.0 gm (0.05 mole) of phenylurea, 6.0 gm (0.044 mole) of ben- 
zoylhydrazine, and 15 ml of water is refluxed for 6 hr. On cooling, a crystalline 
solid separates which after recrystallization from water gives 6.0 gm (47%) of 
white needles, m.p. 212°-214°C. 


2-4. Preparation of Thiosemicarbazides [6] 


S S 
CsH<NHNH; + RNHCNH, —Mia, CoA NHNHENHR (6) 


A mixture of 10 gm of the respective thiourea, suspended in alcohol, and a 
slight excess of phenylhydrazine is refluxed for 6 hr and then poured into water. 
Examples of some of the products are shown in Table III. 

The thioureas were prepared by boiling an alcoholic solution of the aniline, 
carbon disulfide, and sodium hydroxide for 14 hr. The product, diary] thio- 
ureas, were recrystallized from benzene. 
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TABLE I? 


THE PREPARATION OF THIOSEMICARBAZIDES FROM PHENYLHYDRAZINE 
AND sym-DIARYLTHIOUREAS 


Thiosemicarbazide Formula M.p. (°C) 
1-Phenyl-4-(4-bromophenyl)- C,3H,2N3BrS 179-180 
1-Phenyl-4-(2,5-dibromopheny])-" Cy3Hy;N3Br2S 188 
1-Phenyl-4-(2,4-dibromophenyl)-” Cy3Hy1N3Br2S 177-178 
1-Phenyl-4-(0-tolyl)-° C,4H15N3S 170-171 
1-Phenyl-4-(m-tolyl)-4 C,4H;;N3S 173-174 
1-Phenyl-4-(a-naphthy!)-* C17H}5N3S 192-193 
1-Phenyl-4-(3-nitrophenyl)-" C13H3202N48 172 


* The composition was also checked by analysis for bromine. Anal. Subs. 0.1534: AgBr, 
0.1429. Calcd. for C}3H,,;N3Br2S: Br, 39.90. Found: Br, 39.65. 

’ Composition checked for halogen content. Anal. Subs. 0.1559: AgBr, 0.1454. Calcd. for 
C13H1,N3Br2S: Br, 39.90. Found: Br, 39.69. 

© Obtained previously by interaction of phenylhydrazine and o-tolyl mustard oil by A. E. 
Dixon [J. Chem. Soc. 57, 258 (1890)], who reported a melting point of 162°-163°C. Here a 
solution of 10 gm of the required thiourea and 5 gm of phenylhydrazine in 250cm3 of benzene 
was evaporated at its boiling point to a volume of about 25 cm? and allowed to cool. 

# Reported by P. K. Bose and D. C. Ray-Chaudhury [J. Ind. Chem. Soc. 4, 261 (1927)], 
who prepared it by the action of m-tolyl mustard oil on phenylhydrazine. Here prepared 
by the method given above for the ortho isomeride. 

© Checked by analysis because the product obtained by A. E. Dixon [J. Chem. Soc. 61, 1019 
(1892)] through the action of phenylhydrazine on a-naphthy! mustard oil and supposed to 
be identical with this one was recorded as melting at 183°C. 

‘ Kjeldahl method was modified as directed by J. Milbauer [Z. Anal. Chem. 42, 728 (1903)] 
in order to avoid loss of nitrogen. 

* Reprinted from L. C. Raiford, and W. T. Daddow, J. Amer. Chem. Soc. 53, 1552 (1931). 
Copyright 1931 by the American Chemical Society. Reprinted by permission of the copy- 
right owner. 


B. Reaction of Hydrazines with Cyanates 


- = HCl 
RNHNH; + MNCX ——> RNHNHCNHM*+ —~> 


RNHNHGNH; +Mcl- (7) 
X=0,S x 


The reaction of hydrazines with sodium or potassium cyanate or thiocyanate 
gives semicarbazides or thiosemicarbazides in good yields. Monosubstituted 
alkylhydrazines give 2-semicarbazides (Eq. 8). 


R—NHNH2 + N=C—OH ——> Saree ee (8) 
R 
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TABLE IV 


REACTION OF ALKYL- OR ARYLHYDRAZINES WITH CYANATES 


Hydrazine substituent Semicarbazide product Ref. 
Methyl- 2-Methyl- 31 
Amyl- 2-Amyl- 32 
2,4-Dimethylbenzyl- 2-(2,4-Dimethylbenzyl)- 33 
1,2-Diisopropyl- 1,2-Diisopropyl- 34 
4-Methoxyphenyl- 1-(4-Methoxyphenyl)- 35 
1,1-Diphenyl- 1-(1,1-Diphenyl)- 36 


In contrast, monosubstituted arylhydrazines react with cyanates to yield 
1-semicarbazides (Eq. 9), probably as a result of the decreased basicity of the 
CsH;—NHNH2 + N=C—OH ——> Gis NHNHC NY: (9) 


oO 
nitrogen atom adjacent to the phenyl group. 
Examples of semicarbazides prepared from alkyl- or aryl-substituted hyd- 
razines are shown in Table IV, and of the reaction of hydrazine derivatives 
with HOCN or HSCN in Table V. 


TABLE V 


REACTION OF HYDRAZINE DERIVATIVES WITH HOCN or HSCN 


: hydrazi Semicarbazide, 
Substituted hydrazine Reagents thiosemicarbazide, or Ref. 
or derivative semicarbazone 
CsH;SO,.NHNH), NaOcn + HCl CsH;—SO2NHNHCONH)? 37 
m.p. 218°C dec. 
i. 4 
(H2NNH),C=S KSCN + HCl H2NC—NHNHC—NHNH)? 38 


m.p. 191°-192°C 


I 
HOCH,CH,NHNH; KOCN+ HCI NH2—NHCNH; 39 
CH,CH,OH 
m.p. 110°C 
CsH;NHN=C(CH3)2 KOCN + CH;COOH CsHsN(CONH2)N=C(CH;)2 40 
S 


I 
NH2NH), NH,SCN NH,—C—NHNH), 41 
m.p. 180°-182°C 
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2-5. Preparation of Benzenesulfonylsemicarbazide [37] 


Method A. 
CsH;SO,Cl + H2.NNH, -———> C,H.SO,NHNH; Ao 


as ae (10) 


To a flask are added 17.2 gm (0.1 mole) of benzenesulfonylhydrazide, 100 
ml of water, and 8.2 ml of concentrated hydrochloric acid. The solution that 
forms is filtered and then treated with 9.8 gm (0.12 mole) of sodium cyanate 
in 100 ml of water. A crystalline precipitate forms and, after stirring for 1 hr, 
an additional 8.2 ml of concentrated hydrochloric acid is added to destroy the 
excess of sodium cyanate. The crystalline product is washed with water, 
ethanol, dried, and recrystallized from acetic acid to yield 17.0 gm (79%), 
m.p. 218°C dec. 


Method B. 
O 


| 


(NH,NH,),-SO, + 2KOCN+H,0 ——> 2NH,NHCNH, 
O 


\ I 
NH,NHCNH> + CsH;SO,Cl_ ——-> CsH;SO.NHNHCNH? (11) 


To a flask containing 176.6 gm (1.0 mole) of benzenesulfonyl chloride in | 
liter of water is added dropwise a freshly prepared solution of semicarbazide 
prepared from 81.0 gm (1.0 mole) of potassium cyanate in 200 ml of water and 
81.0 gm (0.51 mole) of dihydrazine sulfate in 200 ml of water. After half the 
semicarbazide solution has been added, a solution of 53.0 gm (0.50 mole) of 
sodium carbonate in 200 ml of water is added concurrently with the remaining 
semicarbazide solution. After standing for a few hours at room temperature, 
the product is filtered, washed with water, and dried to give 156 gm (73%), 
m.p. 218°C dec. (from glacial acetic acid). 

By similar methods, the R-SO,NHNHCONH, compounds listed in the 
accompanying tabulation have been prepared [37]. 


R M.p., °C 
p-CH3CeHe- 236 
CH;- 194 
C)Hs- 149-151 
n-C4Ho- 188 
n-Cs3H,7- 182-183 
CoH ;CH2- 230 


B-Naphthyl- 214 
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2-6. Preparation of Thiosemicarbazide [41] 


Ss 
NH,SCN + H.NNH,:H,O ——> eC ey (12) 


To a flask are added 200 gm (2.6 moles) of ammonium thiocyanate, 59 gm 
(1.0 mole) of 85% hydrazine hydrate, and 25 ml of water. The solution is 
refluxed for 3 hr under nitrogen, cooled, the sulfur filtered, and the filtrate 
allowed to cool for 10-18 hr. The product crystallizes slowly on standing and 
is filtered. The crude product, on recrystallization from a 1:1 water-ethanol 
mixture, gives 46 gm of thiosemicarbazide, m.p. 180°-182°C. Evaporation of 
the mother liquor to half its volume and then cooling give an additional 5 gm 
of product. The total yield is 57%. 


C. Reaction of Hydrazine with Isocyanates 


Hydrazines react with isocyanates to give either 1,4- or 2,4-disubstituted 
semicarbazides (see Scheme 1). Alkylhydrazines react in a similar fashion to 
produce only the 2,4-dialkylsemicarbazides [4], 42] (Eq. 13). 


H 
| 
RNCO + R’—N—NH, -———» RNHC—N—R’ (13) 
O NH; 


Reaction of diisocyanates with hydrazine yields polysemicarbazides [43, 44]. 

Busch and Frey [45] noted earlier that 2,4- and 1,4-substituted semicarb- 
azides are always formed when using arylhydrazines, the product depending 
on the reaction solvent used. The 1,4-substituted compounds are obtained in 
absolute ether, benzene, and neutral solvents. In alcoholic solution containing 
acetic or formic acid the 2,4-isomer is obtained in 25% yield along with the 
1,4-substituted isomer. 

Isothiocyanates react with substituted aromatic hydrazines at low tempera- 
ture or in acid media to give 2,4-substituted thiosemicarbazides. At elevated 
temperatures 1,4-thiosemicarbazides are produced [46-48a] (Eqs. 14, 15). 


RNHNH; + CsHsNCS) PS R—NCS—NHGoHs (14) 
NH, 
RNHNH; + CsHs—NCS  —“*™"2) RNHNHCSNHGH; (15) 


The hydrazine group reacts preferentially with isocyanates even when 
hydroxyl groups are present as for the case reported in which N,N-bis(2- 
hydroxyethyl)hydrazine reacts with methoxymethyl isocyanate to give 
(HOCH,CH,), NNHCONHCH,OCH,; [48b]. 
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TABLE VI 
REACTION OF SUBSTITUTED HYDRAZINES WITH ALKYL OR ARYL 
ISOCYANATES 
Substituted 
hydrazine Isocyanate Semicarbazide product Ref. 
Hydrazine Methy! 4-Methyl- 31 
Methyl- Methyl 2,4-Dimethyl- 31 
Phenyl- Methyl 1-Phenyl-4-methyl- 48 
Methyl- Phenyl 2-Methyl-4-phenyl- 49 
Phenyl- 4-Biphenyl 1-Phenyl-4-(4-biphenyl)- 42a 


Examples of the reaction of substituted hydrazines with aryl or alkyl iso- 
cyanates are given in Table VI. 

1-Acetyl-1-methylhydrazine has also been reported to react with phenyl 
isocyanate to give 1-acetyl-1-methyl-4-phenylsemicarbazide in 86% yield 
[42b]. 


2-7. Preparation of 4-(4-Diphenyl)semicarbazide [42a] 


NH,NH, *H,04+ p-Cs6H;—CsH,—NCO > ee cree 


(16) 


To a mortar cooled with ice is added 10 gm (0.20 mole) of hydrazine hydrate, 
and then 4.5 gm (0.023 mole) of finely divided 4-dipheny] isocyanate is added in 
small portions while mixing. The reaction is exothermic and a thick white paste 
is formed. The paste is cooled and then filtered, washed with water, boiling 
alcohol, and dried to afford 3.8 gm (73%) of colorless leafiets, m.p. 250°- 
260°C dec. 


2-8. Preparation of 1,1-Dimethyl-4-phenylthiosemicarbazide [50] 


H;C H;C i 
*SN—NH2 + CsH3NCS ——> 7” SN—-NH—C—NH—CG.Hs (17) 
H;C H;C 


To a flask are added 6.0 gm (0.10 mole) of 1,1-dimethylhydrazine, 13.5 gm 
(0.10 mole) of phenyl isothiocyanate, and 50 ml of ethanol. The contents is 
refluxed for 4 hr and then concentrated to $ the original volume. After cooling, 
the product crystallizes and is filtered to afford 12.6 gm (65%). Recrystalliza- 
tion from ethanol yields a product with m.p. 188°C. 
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2-9. Preparation of 4-(3,4-Dichlorophenyl)semicarbazide [5}] 
Cc cl oO 


| 
cl NCO +NH2—NH,; ——> ad \ vid vin (18) 


To a solution of 298 gm (9.3 moles) of hydrazine in ether is slowly added 
with stirring and cooling 215 gm(1.15 moles) of 3,4-dichlorophenyl isocyanate 
in 2 liters of ether while keeping the temperature at 20°C. After the addition 
the ether layer is decanted from the oily layer. On dilution of the oily layer with 
water is obtained 237.5 gm ofa solid. Recrystallization from ethanol and filtra- 
tion to remove the insoluble !,6-bis(3,4-dichlorophenyl)biurea afford 108.6 
gm ofa solid, m.p. 175°-177°C. An additional recrystallization from 700 ml of 
ethyl acetate affords 77.3 gm (30%), m.p. 173°17S°C, ir 3.00, 3.10 » (NH), 
5.90 u (C=O). 


2-10. Preparation of Poly-2,4-toluenesemicarbazide [43] 


NCO, 


? if 
wef neo mine — os A Gidea 
CH; 


(19) 


To a Waring Blendor at room temperature and containing a solution of 
6.5 gm (0.05 mole) of hydrazine sulfate and 10.1 gm (0.10 mole) of triethylamine 
in 300 ml of dioxane and 80 ml of water is added, all at once while stirring, a 
solution of 8.7 gm (0.05 mole) of 2,4-toluene diisocyanate in SO ml of dioxane, 
The polymer precipitates immediately and stirring is continued for an addi- 
tional 5 min. The polymer is filtered, boiled in water for 15 min, filtered, dried 
under reduced pressure at 70°C to afford a quantitative yield of polymer, 
inherent viscosity 0.31 (sulfuric acid), polymer melt temperature 306°C. The 
polymer is soluble in formic acid from which a film can be cast. 


D. Condensation Reactions Involving Semicarbazides 


The basic amino group of the 1-position in semicarbazide or thiosemi- 
carbazide may be used to react by a substitution reaction with activated halides 
[52], ethers [51], hydroxy [53], phenoxy [54], and amino groups [55] to yield 
substituted 1-semicarbazides or thiosemicarbazides. In addition, the amino 
group of the I-position may add to electron-deficient double bonds [56]. 
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Formaldehyde and other aldehydes may add to all the available free NH groups 
to give methylol, alkylol, or polymeric products under basic conditions 
[57]. Aldehydes or ketenes usually give semicarbazone derivatives, and these 
in turn are used analytically to identify the purity or structure of a known 
aldehyde [3]. 


2-11. Preparation of 2,4-Dinitronaphthyl-1-semicarbazide [52] 


t 
Cl NHNHCNH, 
fe) 
NO, I 
COT sede — CT 
NO NO, (20) 


To a flask containing 8.8 gm (0.079 mole) of semicarbazide hydrochloride in 
100 ml of water, 200 ml alcohol, and 158.5 ml of 0.5 N alcoholic sodium ethylate 
solution is added 10 gm (0.04 mole) of 1-chloro-2,4-dinitronaphthalene dis- 
solved in 1 liter of ethanol. The red solution is refluxed for 10 min, allowed to 
stand overnight, and filtered to afford 5.0 gm (43.1 %) of 2,4-nitronaphthyl-1- 
semicarbazide (bright yellow), m.p. 185°-187°C dec. 


2-12. Preparation of Semicarbazidomethylenemalononitrile [51] 


I | 
C:H;0CH=C(CN), + H,N—NHCNH, —> H;NCNHNHCH=C(CN); + C;H;0H 


(21) 


To a flask containing 11.1 gm (0.10 mole) of semicarbazide hydrochloride 
in 75 ml of water is added 8.2 gm (0.1 mole) of sodium acetate. To the latter 
solution is added 12.2 gm (0.10 mole) of ethoxymethylenemalononitrile in 
175 ml of ethanol. On standing the clear solution deposits a tan solid. Filtra- 
tion after 14 hr affords 5.5 gm (36 %), m.p. 169°C (earlier reported [58] >300°C). 
The infrared spectrum has the following characteristic absorption bands: 2.91, 
3.08 uw (NH), 4.51 w (CN), 5.96 » (C=O), 6.12 wu (amide); NMR: 7 —40 (s, 1, 
NH), 1.28, 1.40 (singlets, 0.3H and 0.7H) (NHCH=C), 3.83 (bs, 2, NH). 


Ina related manner, substituted 4-semicarbazides and 4-thiosemicarbazides 
can react with other ethoxyvinyl derivatives as shown in Scheme 3 and Table 
Vil. 
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TABLE VII‘ [51] 


SEMICARBAZIDO- AND THIOSEMICARBAZIDOMETHYLENEMALONATES, AND 
SEMICARBAZIDO- AND THIOSEMICARBAZIDO-2-CYANOACRYLATES 


Yield Ir spectra 
Compd. M.p.(@C) (%) Formula NH C=O CN 
la 190-192 97° = CioH;7N30; 3.00, 3.10 5.89, 6.01 — 
Ib 161-162 95 CysHigN305 3.00, 3.10 5.85 sh, 5.95, 6.10 — 
Ic 178-180 96 CysHi7ClN3;05 3.05, 3.15 5.85, 5.95, 6.01 — 
2a 160-162 84 C,,H19N304S 3.08, 3.24 5.87, 6.04 = 
2b 151-153 66 C)2Hj9N3;0,8 3.08, 3.22 5.84, 6.05 —_ 
2c 129-131 74° CysH19N3048 3.10, 3.20 5.85, 6.03 — 
3a 180-181 85% CgH,2N4O3 3.02, 3.10 5.85 sh, 5.95, 6.01 4.51 
3b 158-161 85  Cy3Hi4N4O3 3.07 5.85 sh, 5.97 4.51 
3c 161-163 72) = Cy3H2Cl,N,O2 ~—3.00, 3.08 5.85 sh, 5.91, 6.05 4.51 
4a 141-142 90 CyH,4N,O2S8 3.02, 3.20 5.85 sh, 5.92 4.51 
4b 139-141 68 CioH14NsO2S 3.20 5.85, 5.90 sh 4.51 
4c 137-138 28 C,3H,4N,02S8 3.20 5.85 4.51 


* Reaction in 50% aqueous ethanol. 


> Reaction in ethanol-THF, and solution cooled on ice to precipitate product. 

© All reactions were allowed to stand overnight before isolating the product. 

4 Scheme 3 and Table VII are reprinted from R. K. Howe and S. C. Bolluyt, J. Org. Chem, 
34, 1713 (1969). Copyright 1969 by the American Chemical Society. Reprinted by permission 
of the copyright owner. 


SCHEME 3 [51] 


x 


x 


E:OH | 
RNHCNHNH; + EtOCH=C(Y)CO,Et ———> RNHCNHNHCH=C(Y)CO,Et 


la, X =O, R=CHs, Y = CO2Et 
b, X=0, R=CGoH,, Y = CO,Et 
Cc, X= oO, R= 3,4-CloC6H3, Y= CO2Et 
2a, X=S; R=Et, Y =CO,Et 
b, X=S; R =allyl, Y =CO2Et 
c, X=S, R= CeHs, Y = CO2Et 
3a, X =O, R=CH;, Y=CN 
b, X =O, R= CgHs, Y=CN 
c, X=O0, R= 3,4-Cl2C.H3, Y=CN 
4a, X=S, R=Et, Y=CN 
b, X=S, R=allyl, Y=CN 
c, X=S, R=CoHs, Y=CN 
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3. REACTION OF CARBAMIC ACID DERIVATIVES TO GIVE 


SEMICARBAZIDES 
R3NH> 
RI—NH + COCh ——~> R'INCOC! —— ame eco (22) 
R? R2 R? 


R! = R4‘NH 
R2, R3, R4 = alkyl or aryl 


Phosgene reacts with phenylhydrazine hydrochloride, and the product is 
directly treated with aniline to afford 1,4-diphenylsemicarbazide [59] (Eq. 23). 


2Cs5H;—NH 
CsH;—NHNH,+ COC, —> C.H;s—-NHNHCoclh ——> 


é 
CsHs—NHNHCONHG,Hs + CsHs—NH;Cl- (23) 


Carbamyl chlorides, available by the reaction of phosgene on secondary 
amines, can react with hydrazines to give good yields of 1,1-dialkylsemi- 
carbazides [31] (Eq. 24). 

R,NH+COCl ——> R,NCoch —2—*#, RaN¢—NHNH; (24) 
O 


Alkyl carbamates prepared from the carbamyl chlorides also react with 
amines to give semicarbazides [15, 17] (Eq. 25). 


CsHs—NH2 
CsHs—NHNHCOC! + ROH ——> CsH;—NHNHCOOR 


ea (i +ROH (25) 


Examples of the products of the reaction of carbamy] chlorides and deriva- 
tives with hydrazines are listed in Table VIII. 


TABLE VII 


REACTION OF CARBAMYL CHLORIDES AND DERIVATIVES WITH HYDRAZINES 


Carbamyl derivative Hydrazine Product semicarbazide Ref. 
(CH3)2NHCOCI NH,NH2 4,4-Dimethyl- 31 
(CH3),NHCOCI CsHsNHNH, 1-Phenyl-4,4-dimethyl- 60 
(C6Hs)2.NHCOCI CsH;-NHNH, 1,4,4-Tripheny]- 61 
C,H;0CNH, CsH;NHNH, 1-Phenyl- 61 

I 
oO 


Benzoxazolane NH,NH, 4-(2-Hydroxyphenol)- 62 
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4. REDUCTION METHODS 


The reduction methods involve primarily the reduction of semicarbazones 
using various catalysts. However, since semicarbazones are not readily avail- 
able, the reduction of nitroureas or guanidines to semicarbazides may be more 
useful if these compounds can be made readily. Nitroureas are reduced with 
either zinc dust and hydrochloric acid [63] or electrolytically, employing 
various electrodes made of iron [64], tin [65], lead [66], copper, nickel, or lead 
and mercury in hydrochloric or sulfuric acid solution [67, 68] (Eq. 26). 


NH2CONHNO, + H,SO, + 6H (electrolytically reduced) ——> 
7 
NH,CONHNH3;3HSO,- + 2H20 (26) 


Semicarbazones are reduced by sodium amalgam in alcohol [69, 70], sodium 
in alcohol [71], sodium hydrosulfite [72], or catalytic hydrogenation using either 
platinum [73, 74], platinum oxide [75, 76], or Raney nickel [71]. The method 
involving sodium hydrosulfite is simple and is preferable to the other methods 
(Eq. 27). 

ea Ve Esa Rene eee ene (27) 


R R 


4-1, Preparation of 1-(2,3,5-Trimethyl-4-hydroxyphenyl) semicarbazide [72] 


| 
fe) N—NH—C—NH; 


(0) 
NaHSO; 
+ NH,—NH—C—NH, ——~> > 
HsC~ ~~ ~CHs H3C CH; 
(8) O 
r 
NH—NHCNH), 
CH; 
(28) 
H;C CH; 
OH 


To a flask containing 40 ml of ethanol and 60 ml of water are added 7.5 gm 
(0.67 mole) of semicarbazide hydrochloride and 10 gm (0.67 mole) of 2,3,5- 
trimethylquinone. After standing for a few hours at room temperature, the 
yellow semicarbazone precipitates and is filtered to afford 12.7 gm (78%). 
Recrystallization from ethanol gives a crystalline product, m.p. 252°-253°C 
dec. 
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To another flask are added 1.22 gm (0.0059 mole) of the semicarbazone and 
35 ml of alcohol. The mixture is refluxed and then 5.0 gm (0.048 mole) of 
sodium hydrosulfite in 25 ml of water is slowly added. The mixture immediately 
becomes a colorless solution which on concentration yields 1.12 gm (91 %) of 
the semicarbazide, m.p. 194°C dec. On exposure of the product to air in the 


solid form or in solution, oxidation occurs to yield the yellow semicarbazone, 
m.p. 250°-251°C dec. 


4-2. Preparation of Fenchylsemicarbazide [77] 


CH; ? CH3 


| 
| N—NHCNH)2 NH—NHC—NH)? 
CH +Pt+2H, —— (29) 
CH; P~CH3 
CH 


3 CH3 


To a pressure bottle are added 43 ml of 10% chloroplatinic acid, 0.5 gm of 
gum arabic, and 10 ml of water, 50 ml of methyl alcohol, 1.0 ml of hydrochloric 
acid, and 10.0 gm (0.052 mole) of fenchylsemicarbazone. The mixture is shaken 
at over 2 atm hydrogen pressure until the theoretical amount of hydrogen is 
absorbed. The colloidal reaction mixture is added to acetone and the solution 
is concentrated under reduced pressure. The residue is precipitated with ammo- 
nium hydroxide. Recrystallization of the product from ethyl acetate affords 
10.1 gm (100%), m.p. 181°C. 


TABLE 1X? [77] 


HYDROGENATION EXPERIMENTS 


Semicar- Methyl 


Semicarbazide bazone alcohol Water Pt. sol. Time Yield 
formed (gm) (cm3) — (cm3) HCI? (cm?) (hr) (%) 
Fenchyl- 10 50 10 Calc. 43 24 100 
Carvomenthyl- 50 100 200 4 calc. 5 5 80 
Hexahydrophenyl- 50 100 200 Trace 5 3 80 
Menthyl- 50 100 200 4 calc. 5 2.75 80 
i-Propyl- 50 100 200 Calc.” 5 5 76 
Benzyl- 25 100 200 Calcs 5 2.5 50 
Bornyl- 10 20 40 4 calc, 10 20 100 


@ Concentrated hydrochloric acid was used to keep the volume of solution a minimum. 

> The acid was added in three equal portions, one at the beginning and the other two when 
the hydrogen absorbed equal 4 and 3, respectively, of the amount required. 

© This semicarbazone was not isolated, but benzaldehyde and semicarbazide hydrochloride, 
in calculated amounts, were added to the reduction mixture. 

4 Reprinted from E. J. Pathand J. R. Bailey, J. Amer. Chem. Soc. 45, 3004 (1923). Copyright 
1923 by the American Chemical Society. Reprinted by permission of the copyright owner. 
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Related semicarbazides as described in Table IX have also been produced 
by a similar technique. 


5. MISCELLANEOUS METHODS 


(1) Reaction of carbon monoxide with hydrazine to give semicarbazide [78]. 

(2) Reaction of hydroxylamine with o-tolylurea to give o-tolylsemicarb- 
azide [79]. 

(3) Reaction of semicarbazides with aryl esters of cyanic acid to give semi- 
carbamid-carbamic acid esters [80]. 

(4) Reaction between diiodoacetylene and semicarbazide to give hydrazo- 
dicarboxamide [81]. 

(5) Reaction of ethyl carbazinates with hydrazine to give carbohydrazides 
(4-aminosemicarbazides) [82, 83]. 

(6) Reaction of acyl azides with hydrazines to give semicarbazides [84-86]. 

(7) Reaction of chlorine with urea to give semicarbazide or hydrazinedi- 
carboxamide [87, 88]. 

(8) Reaction of alkyl iodides and thiosemicarbazides to form S-alkylthio- 
semicarbazides [89]. 

(9) Reaction of hydrazine hydrate and phenylurethanes [4]. 

(10) Reaction of «-naphthyl isocyanate and hydrazides to yield 1-acyl-4- 
arylsemicarbazides [90]. 

(11) Preparation of polymers containing urethane and semicarbazide groups 
[91]. 

(12) Preparation of silyl-substituted semicarbazides from the reaction of 
trimethylsilyl isocyanate and hydrazine or derivatives [92]. 

(13) Bromination of unsaturated semicarbazides [93]. 

(14) Chloroacetylation of 4-arylsemicarbazides [94]. 

(15) Preparation of semicarbazidylphthalalides and use as plant growth 
regulators [95]. 

(16) Preparation of cyclic semicarbazide derivatives such as 3,4-dihydro-4- 
methyl-1H-1,3,4-benzothiazepine-2,5-dione [96]. 

(17) The catalyzed isomerization of (Z)- to (E)-benzaldehyde semicarba- 
zone by aliphatic and aromatic thiols [97]. 

(18) Condensation of semicarbazide with diacetone acrylamide-acrylic 
acid copolymers [98]. 

(19) Metal complexes of benzaldehyde semicarbazone [99]. 

(20) Preparation of formaldehyde semicarbazone [100]. 
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CHAPTER 9 / CARBODIIMIDES 


1. INTRODUCTION 


The application of carbodiimide to problems of organic synthesis is of recent 
origin. The preparation and study of this functional group has been gaining 
interest because of its application as a condensing agent. The first review of 
carbodiimides was published in 1953 [la], and a more recent one appeared in 
1967 [1b]. Other reviews are also worth considering [2-5]. Substituted carbo- 
diimides have been applied to the synthesis of amidines, anhydrides, amides, 
carboxylic acids, sulfonic acids, esters, and other functional groups [2]. The 
synthesis of peptide linkages with the aid of carbodiimides has also attracted a 
great amount of interest [2a]. The use of carbodiimides to help prepare 
immobilized enzymes is increasing [2b]. 

The earliest preparations of carbodiimides involved the reaction of mercuric 
or lead oxide with thioureas [6-10]. 

The most practical methods for the preparation of carbodiimides are sum- 
marized in Scheme 1. The carbodiimide structure may be viewed as a dehyd- 
rated urea. 


SCHEME 1 


RNHCONHR’ RNHCSNHR’ 


NaOCl 
NaOH 
RSO,Cl (15, 16a] HgO[11. 12] 
C.H.N {16b} 


(12, 17a, b] 
RN=C=NR’ 


R?2 
(18, 19a] ( or 
P 
/™ 
R' Oo R 


CoCl2 


P 
7™ 
fe) 


196 
2RNCO a Polycarbodiimides (when R = aryl or diisocyanates) 


R! = C.Hy) | 
R? = CH, } ia 
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The structure of N,N’-disubstituted carbodiimide is distinct from the 
corresponding disubstituted cyanamides and is supported by chemical and 
physical evidence (I, II). 


RY 
RN=C=NR’ poN-EN 
Carbodiimide Cyanamide 
(1) (II) 


At room temperature aliphatic and aromatic carbodiimides are liquid or 
solid. They usually can be purified by distillation under reduced pressure or by 
recrystallization to yield neutral products. On prolonged standing they poly- 
merize to yield basic products. The liquid carbodiimides are less stable than the 
solid ones. The stability of carbodiimides increases with the degree of branch- 
ing of the alkyl substituents attached to the nitrogen atom: RCH, < R,CH 
< R3C. For example, diethylcarbodiimide [14, 21] polymerizes in a few days, 
whereas diisopropyl- and dicyclohexylcarbodiimides [14] are stable for several 
months. Unsaturated substituents also cause a marked decrease in stability 
[22]. 

In the aromatic series, diphenylcarbodiimide [23] and di-p-iodophenyl- 
carbodiimide [23] polymerize in a few days, whereas di-p-tolylcarbodiimide 
when obtained in pure crystalline form is stable for several months [24, 25]. 
Di-p-dimethylaminophenylcarbodiimide is stable for three years [25]. 


2. ELIMINATION REACTIONS 


A. Catalytic Conversion of Isocyanates into Carbodiimides 


2RNCO ——> RN=C=NR + CO, (1) 


Hofmann in 1885 [26] reported that heating of isocyanate esters in the 
absence of catalysts gave products which analyzed correctly for carbodiimides. 

Prolonged heating of free isocyanates in the absence of catalysts has been 
reported recently to give poor yields of carbodiimides unless a slow stream of 
nitrogen was passed through the boiling isocyanate [18]. In the presence of 
phosphorus catalysts [18, 19, 27-39], aromatic carbodiimides are obtained in 
high yield under mild conditions from isocyanates but not isothiocyanates [18]. 
Aliphatic isocyanates react more slowly, but improved yields are obtained in 
high-boiling solvents. Under the latter conditions the carbodiimides may be 
contaminated by isocyanuric acid derivatives, complex products, or poly- 
meric carbodiimides [35]. For reasons not well understood, diphenylmethy] 
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isocyanate fails to give the carbodiimide, giving only the isocyanuric acid 
derivative [35]. 

Some examples of the catalytic conversion of isocyanates into carbodiimides 
are shown in Table I. 

In the case of aromatic isocyanates, electron-withdrawing groups increase 
the rate of carbodiimide formation in proportion to their electron-withdrawing 
power. Electron-releasing groups tend to inhibit the reaction. p-Nitropheny] 
. isocyanate reacts almost explosively to yield the carbodiimide when catalyzed 
[5]. o-Chloropheny] isocyanate reacts seven times as fast as the o-methy] analog 
[33]. 

Phosphoramidate anion also reacts with isocyanates to give carbodiimides 
[40, 41]. However, the procedure is limited by the tendency of many iso- 
cyanates, especially the straight-chained aliphatic ones, to polymerize in the 
basic medium [42]. 


TABLE I* 
CATALYTIC REACTION OF ISOCYANATES TO CARBODIIMIDES 
CH; 
0.1% by wt. a 
P 
o” colts 
2RNCO +> RN+=C=NR+CO, (2) 
Carbodi- 
Substituent Temp. Time imides B.p.,°C M.p. 

R (ce) (hr) Solvent (yield %) ng CC 
CsHs— 50 2.5 Benzene 94 119-121 (0.4-0.5) — 

Np 1.6372 (25) 
o-CH3CsH,— 50-55 95 None 87 118-122 (0.1-0.15) —_— 

Np 1.6230 (25) 
m-CH3CsHy— 25 16 None 98 151 (1.1) — 
p-CH3CsH,— 140 4 Xylene 88 165 (2.4) 56.6-57.4 
o-CH;0—C,H,— 25 16 None 92 — 73.5-74.5 
p-CH;0—C,H,— ‘140 4 Xylene 99 — 52-53 
m-Cl—C.Hy— 25 2 None 99 -- 42-43 
p-Cl—C.H,— 25 2 None 91 a 56-57 
o-NO,—CsH4— 50 4 Cyclohexane 95 —_ 93-96 
m-NO.,C.H4— 60 4 =None 91 — 157-159 
p-NO,—C.H4— 60-62 4 CCl 52 _ 166-167 
a-CioH 140 4 Xylene 99 —_ 91-91.5 
n-C4H9 110-114 15 None 60 82 (8) —_— 
2-C3H7 140-145 4 None 89 108-109 (1.5) _ 


* Data taken from T. W. Campbell, J. J. Monagle, and V. S. Foldi, J. Amer. Chem. Soc. 84, 
3673 (1962). 
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Other compounds were screened by Monagle [32] for catalytic activity by 
reaction with phenyl isocyanate to form diphenylcarbodiimide. Traces of im- 
purities, especially in the isocyanate, had a large effect on the yield. The data 
reported in Tables II and III give the best of several results obtained with each 
compound. 

It has been suggested that the results in Tables II and III are in agreement 
with the mechanism proposed in Eqs. (3) and (4) [32]. 


+o R3;3M——O 
R,;MO + RN=C=O == | === _ RjM=NR + CO; (3) 
RN—C=0O 
R3M=NR + RN=C=O ———> RN=C-——O — > RN=C=NR + R3;3MO 
R—N—M—R; (4) 
M = Group VB and Group VIB elements 


In agreement with these mechanism, it was shown [43] that, when !8O- 
enriched phosphine oxides were substituted as catalysts, the evolved CQ, 
contained significant amounts of '8O. Compounds with high dipole moments 


TABLE II? [32] 


Group VB AND VIB OxIDEs aS CATALYSTS FOR 
CARBODIIMIDE FORMATION* 


Amount Temp. Time Yield 

Catalyst (moles) (°C) (hr) (%) 
Triphenylphosphine oxide 0.004 115-120 2 5 
0.004 160-162 3 2 
0.004 160-162 8 56 
Triphenylarsine oxide 0.004 70-75 1 85 
Triphenylstibine oxide 0.004 115-120 2 41 
Tri(m-nitropheny!) phosphine oxide 0.004 160-164 3 16 
Tri(m-nitropheny]) arsine oxide 0.004 90 3 85 
Triethylphosphine oxide 0.006 122-125 3 64 
Pyridine N-oxide 0.027 110-123 1.5 33 
Dimethy!sulfoxide 0.006 162-164 2.5 13 
Diphenylsulfoxide 0.004 145 7 0 
Diphenylsulfone 0.004 145 5 0 
Trimethylamine oxide 0.004 111-126 1.5 0 
1-Phenylarsolidine 1-oxide 0.002 99-108 1 0 
4-Nitropyridine N-oxide 0.007 160 1.5 0 


* Phenyl isocyanate (0.45 mole) used in each case. 
> Reprinted from J. J. Monagle, J. Org. Chem. 27, 3851 (1962). (Copyright 1962 by the 
American Chemical Society. Reprinted by permission of the copyright owner.) 


TABLE Ill’ [32] 


PHOSPHORUS COMPOUNDS AS CATALYSTS FOR CARBODIIMIDE FORMATION’ 


Amount Time Yield 
Catalyst Formula (moles) Temp. (°C) (hr) (%) 
Hexamethylphosphoramide [(CH3)2N]3;PO 0.008 113-135 1.6 27 
Dilauryllauryl phosphonamide C12H25P(O)(NHC;2H2s)2 0.0004 162-163 102 14.4 
Triphenylphosphoramide (Cg5H5NH)3;PO 0.004 141-200 20 66.6 
Diethyl phosphoramidate (C3H;50)2P(O)NH2 0.004 140-200 19 77.6 
Triethy! phosphate (C2H50)3PO 0.004 150-175 3 32 
Trially! phosphate (CH2==CHCH,0);PO 0.004 142-164 3 4.8 
Triphenyl phosphate (Cg6H50)3PO 0.04 160-190 21.5 62.8 
Bis(8-chloroethyl) vinylphosphonate CH,=CHP(O)(OCH2CH,Cl)2 0.005 147-191 1 88 
CH,==CHP(O)(OCH,2CH?Cl), 0.004 160-164 4 8 
Bis(8-chloroethyl-8-chloroethylphosphonate CICH2CH2,P(O)(OCH,2CH,Cl)2 0.005 145-172 5 20 
Ethylene phenylthiophosphonate (CH20)2P(S)CeHs 0.004 162 16.5 20 


*Pheny! isocyanate (0.45 mole) used in each case. 
> Reprinted from J. J. Monagle, J. Org. Chem. 27, 3851 (1962). (Copyright 1962 by the American Chemical Society. Reprinted by permission 
of the copyright owner.) 
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or the highest negative charge on the oxygen of R;M*O™ should exhibit the best 
catalytic activity. This may account for the fact that triphenylarsine oxide 
(5.50D) is better than triphenylphosphine oxide (4.31 D) as a catalyst. Other 
elements such as nitrogen (as in pyridine N-oxide) are not capable of forming 
a pentacovalent bond but may help to polarize the isocyanate group so that it 
reacts with another isocyanate group to give the carbodiimide product. A 
compound similar to R,M—=NR had been prepared earlier by Staudinger 


and Meyer [44], who showed that it reacts with isocyanate groups to give 
carbodiimides (Eqs. 5, 6). 


R3P+R’N; ——> R3P=NR’+N;2 (5) 
CO2 


R;P=NR’ ——> R;PO+R’NCO 


R“NCO (6) 


R*’N=C==NR’ + R;PO 


Other more recent examples of the catalytic conversion of isocyanates and 
isothiocyanates to carbodiimide are shown in Tables IV and V. 

The use of reusable polymer catalysts is shown in Table V. They have the 
advantage of being easily separated from the product and then used again. 


2-1. Preparation of Diphenylcarbodiimide [18] 


/CH3 
P 
FASS 
(0) CoHs 


2CsHsNCO ——— SSS Cs5Hs;N=C=NCoHs +CO, (7) 


(a) Catalyst formation. Preparation of 1-ethyl-3-methyl-3-phospholine 
1-oxide. 
CH; 


| 
C2Hs5PCl2 + CH2=C—CH=CH) —> 


CH; CH3 
—— Pe ——— 
| | _ | (8) 
P P. 
Cl Cas o” GH 


To a 2 liter, four-necked flask equipped with a spiral condenser topped with 
a Dry Ice condenser, | liter dropping funnel with pressure-equalizing arm, and 


TABLE IV 


More REcENT REPORTS ON THE CATALYTIC CONVERSION OF ISOCYANATES OR ISOTHIOCYANATES TO CARBODIIMIDES 


Temp. Time Yield B.p.. °C Np 
Catalyst RNCO/RNCS (°C) (hr} §=(%) Product (mm Hg) (°C) Ret. 
(C,H5)3As ()-nco 140-148 1.7 83.5 ()-nacen-{_) 95 97 
(0.1) 
tolyl tolyl 
CH,N N NCO Reflux -- 84.0 N=C=N 128-130 - > 
Np (0.3) 
7% : 
C,H, O toly! 
C.Hs GH, C.Hs 
KOt-Bu NCO 200-250 15 90.1 ncn) 194-197 1.5912 . 
P (0.5) (23.5) 
C,Hs C,Hs C,H, 
tolyl tolyl 


Fe(CO),, W(CO), 
or Mo(CO),, 


180-250 0.6 85.0 


N=C=N- <) 130.132 ¢ 


(Neo 100-102 45 87 (n= =N 
Zr(OiPr), ()-nco 180 10 64.3 C)- 


(Bu,Sn],0 CH,=CH—CH,NCS 100 a 10 Polymerized diallylcarbodiimide f 


Zz 
Qa 
° 


Ti(OiPr), 


(90 mm Hg) 
i-Pr i-Pr i-Pr 
COpyons NCO 180-200 4 95 N=C=N 152 160 ° 
(0.05) 
i-Pr i-Pr i-Pr (m.p. 47-49.5) 


(continued ) 


Or 


More RECENT REPORTS ON THE CATALYTIC CONVERSION OF ISOCYANATES OR ISOTHIOCYANATES OF CARBODIIMIDES 


Catalyst RNCO/RNCS 


re) 
Ce ato: (©pynco 
OCN NCO 
(CICH,),;P +O on,(C)-neo + Ore 
NCO 


NCO 
Camphene phenyl CH O)-neo 
phosphine oxide 
CH, 
[ " ] ocn-()) cr, (C)-nco 
/ ™~o 
CoHs 


n-BuP(C,Hs)3P* Br7 ocn—(7)-c, (C))-nco 
mt 
CH,CNH, OCN © CH, © NCO 


TABLE IV (continued) 


Product 


Temp. Time Yield 

CC) (ar) (%) 
170-180 14 98 

80 2 

125 1 100 
25-130 1.5 100 
200 3 100 
225 1 100 
115 8 TI 


(C©p-n-c=nXO) 


Liq. carbodiimide containing organic 
polyisocyanate 


Polymeric carbodiimide 


Polymeric carbodiimide 


Polymeric carbodiimide 


Polymeric carbodiimide 


B.p., °C 
(mm Hg) 


Np 


CC) 


Ref. 


NO 
PSS 
—_ 


ft 
CHy—t C,,H,,NCO 160 
OW, 
Il 
fo) 


CH, 
OCN ©): CH, ©) NCO 200 
P 
“ 
nae ie) (MDI) 
6445 


W or V oxide or 


chloride. 
For example: 


(NH,).W,0,3-8H,0 ( )-nco 160-75 


(C4Ho),Sn(OAc),* MDI 220 


* Other catalysts are (C,Hy),SnO and [(C,H,)2Sn],0. 

*E. G. Budnick, U.S. Pat. 3,406,198 (1966). 

°H. Ulrich, B. Tucker, and A. A. R. Sayigh, J. Org. Chem. 32, 1360 (1967). 
¢ B. W. Tucker and H. Ulrich, U.S. Pat. 3,345,407 (1967). 

4H. Ulrich, U.S. Pat. 3,406,197 (1968). 

°K. C. Smeltz, U.S. Pat. 3,426,025 (1969). 

tA. G. Davies, U.S. Pat. 3,442,947 (1969). 

*W. Neumann, U.S. Pat. 3,502,722 (1970). 

*E. H. Kober, W. J. Schnabel, and S. K. Gardner, U.S. Pat. 3,635,947 (1972). 
‘Pp. T. Kan and M. Cenker, U.S. Pat. 3,761,502 (1973). 

JR. L. Hansen, U.S. Pat. 3,862,989 (1975) and U.S. Pat. 3,960,950 (1976). 
* A. Ibbotson, U.S. Pat. 4,014,935 (1977). 

'R. Edelman, U.S. Pat. 4,066,629 (1978). 

™E. Meisert and P. Fischer, U.S. Pat. 4,072,712 (1978). 

"A. Ibbotson, U.S. Pat. 4,085,140 (1978). 

°G. Kell, US. Pat. 4,096,334 (1978). 

’R. Sundermann and W. E. Slack, U.S. Pat. 4,154,752 (1979). 


9 92 CysH,,N=C=NC,,H;, 


0.9 Polymer 


Omer) 


2 Polymer 


«M. Tani, A. Akira, and H. Muro, Jpn. Kokai Tokkyo Koho 79/66,656,01 (1977); Chem. Abstr. 91, 157347v (1979). 


’ J. Narayan, U.S. Pat. 4,228,095 (1980). 


235-240 
(0.2) 
m.p. 65 


TABLE V 


POLYMER CATALYSTS FOR THE CONVERSION OF ISOCYANATES TO CARBODIIMIDES 


Temp. Time Yield 


Polymer catalyst RNCO/RNCS (°C) (hr) (%) Product 
ae C,H;NCO * 60 9.25 100 CsH;N=C=NC,H, 
re in hexene 
“ 
cH,/ O 
| CH, 


| 
N | CH,CH,OC—C=CH, 
2 


Polymer of above monomer is catalyst for above entry 


—CH,—CH— ame 
P 


pu C,H;NCO 155-160 25 — C.H;N=C=N—C,H, 


B.p., °C 
(mm Hg) np Ref. 


NCO 
140 1 100 


tee 


*“C. P. Smith, U.S. Pat. 4,105,643 (1978). 

>C. P. Smith, U.S. Pat. 4,105,642 (1978). C. P. Smith, U.S. Pat. 4,068,055 (1978). 
°C. P. Smith, U.S. Pat. 4,137,386 (1979). 

4 W. Schafer, K. Wagner, and H.-D. Block, U.S. Pat. 4,344,855 (1982). 


Polymer (polycarbodiimide) 


oO 
Ty CH; NCO 80 30 9 CH, N=C=N CH, 
(CH,),—As 
\ 
CO 
CO, 


135-137 
(0.3) 


c 
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a magnetic stirrer are added | gm of copper stearate, 780 gm (5.96 moles) of 
dichloroethylphosphine [45], and, from the dropping funnel, 447 gm (6.56 
moles) of freshly distilled isoprene. The stirred solution is refluxed under a 
nitrogen atmosphere for 42 hr, cooled, allowed to stand for 2 days, and then 
refluxed an additional 5 days. The excess isoprene is removed by distillation 
and 850 ml of water is added dropwise while cooling the stirred solution in an 
ice bath. The dark-brown aqueous solution is transferred to a 5 liter flask and 
then 1250 ml of 30% sodium hydroxide solution is gradually added so that the 
solution obtains a pH of 8. The mixture is filtered and the aqueous solution is 
continuously extracted with chloroform for 12 days. The chloroform is dried 
and then distilled to yield a residue which on vacuum distillation affords 435 gm 
(51%), b.p. 115°-120°C (1.2 mm). The product is further purified by oxidation 
at 50°C with an excess of 3% hydrogen peroxide for 6 hr. The aqueous layer is 
continuously extracted with benzene, dried, and then concentrated to give a 
residue which distills as follows: b.p. 115°-119°C (1.2-1.3 mm), nZ> 1.5050. 


(b) Carbodiimide formation. A solution consisting of 50 ml of anhydrous 
benzene, 54 gm (0.45 mole) of phenyl isocyanate, and 0.20 gm of 1-ethyl-3- 
methyl-3-phospholine-1l-oxide catalyst is refluxed for approximately 2.5 hr 
or until carbon dioxide evolution ceases. The benzene is removed under re- 
duced pressure and the residue on distillation affords 41.1 gm (94%) of an oil, 
b.p. 119°-121°C (0.40-0.45 mm), n2> 1.6372. The product is stable for several 
weeks at 0°C. At room temperature it gradually solidifies to a mixture of trimer 
and polymer. 


2-2. Preparation of 4,4’-Dinitrodiphenylcarbodiimide [29a] 
os 
a ‘OH, 
ron \—xco SSS 
on \nacn( \-no, + Co, (9) 


p-Nitrophenyl isocyanate (21.0 gm, 0.128 mole) is melted and treated with 
0.03 gm of 1-ethyl-3-methyl-3-phospholine-1-oxide catalyst at 60°C. The re- 
action takes place with great vigor and all the carbon dioxide is evolved in 1-2 
min. The mixture begins to solidify to a crystalline mass and the last traces of 
carbon dioxide are removed under reduced pressure. The yellow carbodiimide 
that is obtained weighs 18 gm (100%), m.p. 165°-170°C. Recrystallization from 
petroleum ether-chloroform affords a sample of m.p. 164°-166°C. 


CH; 
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2-3. Preparation of a Polycarbodiimide from Methylenebis(4-phenyl 
Isocyanate) [29a] 


fpr pcent (10) 


Toa flask containing 20 gm (0.08 mole) of methylenebis(4-phenyl isocyanate) 
in 150 ml of xylene is added 0.03 gm of 1-ethyl-3-methyl-3-phospholine-1-oxide 
catalyst. The solution is refluxed for 4 hr, during which time carbon dioxide is 
being evolved. The xylene solvent is removed under reduced pressure to afford 
a nearly quantitative yield of the solid polycarbodiimide. The latter polymer 
was pressed at 250°C to afford a clear, crystalline, orientable film with a tena- 
city of about 50,000 psi, an initial modulus of 410,000 psi, and a 20% elonga- 
tion at 25°C. 


2-4. Preparation of Di(2,6-diisopropylphenyl) carbodiimide [29b] 
i-Pr i-Pr i-Pr 


Op + Oyo — Op) +CO, (11) 
Pr 


i-Pr i-Pr i- 


To a flask is added 203 gm (1.0 mole) of 2,6-diisopropylphenol isocyanate 
and 4.0 gm (0.034 mole) of sodium phenolate. The mixture is heated for 4 hr 
at 180°-200°C while carbon dioxide is vigorously evolved. The product is 
cooled and taken up into petroleum ether, warmed to 90°-120°C, filtered, and 
then concentrated. The product is distilled under reduced pressure at 
152°-162°C (0.5 mm Hg) to yield 152 gm (95%), m.p. 47°-49.5°C. The ir 
indicates a strong band between 2130 and 216 cm™ ! which is characteristic of 
the —N=C=N-— group. Analysis for C,s;H3,N,, m.w. 362.54; calcd. C, 
82.82; H, 9.45; N, 7.73; found C, 82.15; H, 9.56; and 8.16. 


B. Dehydration of N,N’-Disubstituted Ureas to Carbodiimides 
R—NHC—NHR’ ——> RN=C=NR’+H,0 (12) 


| 
fc) 
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The reagents used to effect the dehydration of N,N’-dicyclohexylurea to 
N,N’-dicyclohexylcarbodiimide in 82% yield is p-toluenesulfony] chloride in 
pyridine as solvent and base [17] (Eq. 13). Methylene chloride may also be 


(CgH;,NH)2CO + CH;—C.H,—SO,Cl + 2C5HsN —— 
CgH11—N=C=N—C,H)1 + CH3CgH,—SO3H-CsHsN + CsHsN- HCI (13) 


effectively used to replace part of the pyridine as a solvent [12]. The method 
described in Eq. (13) has the advantage over desulfurization procedures in 
that large quantities of expensive mercuric oxide and long reaction times are 
not required. In addition, the products are not contaminated with sulfur- 
containing impurities. 

Other reagents that have been used to effect the dehydration of ureas to 
carbodimides are: alkyl chloroformates (for thioureas) [46], phosgene [47], 
phosphorus oxychloride [48], and phosphorus pentachloride [38, 49]. Di- 
chlorocarbodtimides have been shown to be intermediates when COC], or 
PCI, reacts with ureas (Eq. 14). If R’ and R? are H, then the intermediate 


O cl 

Rig I, aR? RL UR 

gee Ne pa SOE, Se ag ae 
ci 


probably has the structure shown in (III), which readily hydrolyzes to carbodi- 
imides [49]. 


[R—NHCCI=NHR’}* Ci- 
(1) 


Table VI gives the melting points of several dichlorocarbodiimides ob- 
tained from substituted ureas and phosgene [49]. 

Recently [20] it has been reported that N,N’-disubstituted ureas dehydrate 
easily with phosphorus pentoxide and pyridine to give the corresponding 
carbodiimide in good yields (Eq. 15). (See Table VII.) 


TABLE VI 


DICHLOROCARBODIIMIDES FROM THE REACTION 
OF PHOSGENE AND SUBSTITUTED UREAS [49] 


Dichlorocarbodiimides M.p. (°C) 


N,N’-Diphenyl- 123-125 
N,N’-Dimethyl- 138-143 
N-t-Butyl- 110-113 


Tetramethyl- 110-112 
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TABLE VII 


DEHYDRATION OF N,N’-Substituted Ureas by P2Os—PYRIDINE 
To CARBODIIMIDES [20] 


Urea substituent, 


R—NHCNHR, R = Pyri- B.p., 
\| Urea P20; dine Temp. Time Yield i & M.p. 
oO (moles) (moles) (ml) (CC) (min) (%)* (mmHg) (CC) 
Cyclohexyl- 0.088 0.70 700 116 145 76 143 34-35 
(3.5) 
Pheny]l- 0.033 0.246 400 116 145 53 110 —_ 
(0.2) 
p-Ethoxypheny!l- 0.01 0.085 200 116 180 86 — 46-47" 
p-Chloropheny]- 0.10 0.70 750 116 145 56 —  53-54° 


* Carbodiimides possess a strong characteristic infrared absorption band in the 4.6-4.8 u 
region. 

> Recrystallized from n-hexane. 

© Recrystallized from petroleum ether. 


P205 
pyridine 


aN ee R—N=C=N—R’ (15) 


Table VIII gives examples of recent reports on preparing carbodiimides by 
the dehydration of N,N’-disubstituted ureas and thioureas. 


2-4. Preparation of Dicyclohexylcarbodiimide Using p-Toluenesulfonyl 
Chloride-Pyridine [17] 


r 
(ni + NH,-C-NH, ——> 
t 
CH3C¢H,SO2CI 
pyridine 


, (16) 


(a) Preparation of dicyclohexylurea. A solution of 60 gm (1.0 mole) of urea, 
240 gm (2.4 moles) of cyclohexylamine, and 480 ml of isoamy! alcohol is re- 
fluxed for 20 hr, cooled, filtered, washed with ether, and dried at 80°C to afford 
200 gm (89%), m.p. 234°-235°C (recrystallized from absolute ethanol). 


(6) Preparation of dicyclohexylcarbodiimide. A stirred mixture consisting 
of 200 gm (0.90 mole) of N,N’-dicyclohexylurea, 600 ml of pyridine, and 300 gm 


8h 


TABLE Vii 


RECENT REPORTS ON THE PREPARATION OF CARBODIIMIDE BY THE DEHYDRATION OF N‘N’-DISUBSTITUTED UREAS AND THIOUREAS 


Urea or thiourea 
Re ae 


xX 


R=R’=O—CH,—C,H, 
X=S 


X=S 
R=R’=C,H, 
X=S 


R=(CH;);C—, 
R'=CH,— 
X=S 


P 


CH, | 


\ 
NH~C. pe 
NH 


=Polymer 


Dehydrating 
agent 


coc, 


Cyanuric chloride 


Ph,PBr, (in place of Br, 
Cl or I can be used) 


coc, 


p-CH,C,H,SO,Cl 


Temp. 


(°C) 


78-80 


15-20 


80 


2-8 


35 


Time 
(hr) 


2.5 


0.5 


2.75 


50 


Yield 
(%) 


79.1 


79.1 


89.1 


65.3 


Bp, °C 
(mm Hg) 


150-155 
(1.5) 


124-125 
(760) 


Polymer 


Ref. 


60¢ 


OCN NCO 


ro) 
I 
cry (0) CH, COC), 120-170 0.25 30-61 —# f 


* A.A. R. Sayigh and H. Ulrich, U.S. Pat. 3,301,895 (1967); see also [83a-c] in this chapter. 

°S. Furumoto, Nippon Kagaku Zasshi 92(11), 1005 (1971); Chem. Abstr. 76, 153720d (1972); S. Furumoto, Japan Kokai, 73/15,824 
(1973); Chem. Abstr. 79, 65892t (1973). 

*G. Heinrichs, H. Maegerlein, and G. Meyer, Brit. Pat. 1,252,707 (1971); Chem. Abstr. 78, 15763k (1973); C. Palomo and R. Mestres, 
Synthesis (5), 373 (1981); C. Palomo and R. Mestres, Bull. Soc. Chim. Fr. (9-10), pt. 2, 361 (1981); J. C. Calere and C. N. Palomo, Span, 
Pat. 481,581 (1980); Chem. Abstr. 93, 70177g (1980). 

4H. Ulrich, B. Tucker, and A. A. R. Sayigh, J. Amer. Chem. Soc. 94, 3484 (1972). 

°N. M. Weinshenker, C. M. Shen, and J. Y. Wong, Org. Synth. 56, 95 (1977). 

SW. J. Schnabel and R. M. Early, U.S. Pat. 4,263,221 (1981). 


OCN NCO 


§CH, =C=N CH;. 
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(1.57 mole) of p-toluenesulfonyl chloride is heated at 70°C for 1 hr. The con- 
tents are added to 1500 ml of ice water and then extracted with ether. The ether 
extract is washed with water, dried over magnesium sulfate, and then concen- 
trated to yield a residue which on distillation under reduced pressure affords 
152 gm (82%), b.p. 148°-152°C (11 mm), m.p. 35°C. 


2-5. Preparation of N,N'-Dicyclohexylearbodiimide Using Phosphorus 
Pentoxide-Pyridine [20} 


()-nngrn{ > +P,0; Pele, (acon (17) 


oO 


A stirred mixture of 19.7 gm (0.088 mole) of N,N’-dicyclohexylurea (see 
Preparation 2-4 for synthesis of dicyclohexylurea), 100 gm (0.70 mole) of 
phosphorus pentoxide, 175 gm of sand, and 700 ml of pyridine is refluxed for 
145 min. After 30 min, further stirring is not possible and the mixture is 
filtered. The solids are extracted with 100 ml of hot pyridine and then the 
combined pyridine solutions are concentrated under reduced pressure to yield 
an oil. The oil is extracted with two 100 ml portions of boiling petroleum ether 
(b.p. 60°-80°C), followed by 100 ml of ether. The combined extract is washed 
with water, dried, filtered, and concentrated under reduced pressure to give 
17.4 gm of an oil which on distillation affords 13.7 gm (76%), b.p. 143°C (3.5 
mm), m.p. 34°-35°C. 


3. OXIDATION REACTIONS 


A. Desulfurization of Thioureas with Metal Oxides and Other Metallic 
Compounds 


SRE +HgOQ ——~> RN=C=NR’+ HgS + H,0 (18) 
Ny 


Asa result of the readily available substituted thioureas (see Chapter 6) the 
desulfurization of the N,N’-disubstituted derivatives by mercuric oxide is one 
of the best methods for the preparation of carbodiimides [11]. The preferred 
solvents are ether, benzene, and acetone. Toluene and other high-boiling sol- 
vents favor the formation of by-products such as aniline, isothiocyanates, and 
guanidines [50]. The presence of drying agents such as CaCl, [51], Na,SO, 
[52], or MgSO, [53] remove the water formed so that it will be unable to add 
to the carbodiimide to form urea. Water may also be removed by azeotroping 
it off using a Dean-Stark trap [23]. However, for most aliphatic carbodiimides 
the presence of water causes no urea and dehydrating agents are often not 
employed [54, 55]. 
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Other catalysts have been employed but they are not so effective as mercuric 
oxide. Some of the other catalysts are: PbO [8, 10, 56], PhO—S— (or Se) [57], 
ZnO [58], PbCO3, Pb(NO3)., and PbCl, [59]. The quantity and the method of 
preparation of the PbO influence the yields of products [60]. 


Cyclic carbodiimides have been prepared where n = 5 or greater [61] (see 
structures IV and V). 


(CH2)n ~ | 
so aoe 
S 
(IV) (V) 


In the preparation of aromatic carbodiimides the presence of substituents 


in the benzene ring affects the yields of the product and the by-product iso- 
thiocyanate [60]. 


Examples of the preparation of carbodiimides by the action of metallic 
compounds are shown in Table IX. 


Some other reports on the preparation of carbodiimides by the oxidation 
of disubstituted thioureas are given in Table X. 


3-1. Preparation of 1-Cyclohexyl-3-[2-morpholinyl-(4)-ethyl] carbodiimide [54] 


( )-ncs + H,N—CH,CH,N oUt Om 
ane 


/\ 
a ac (@) 


N=C=N—CH;—CH.N 0 
eee 


(19) 


HgO 


(a) Preparation of 1-cyclohexyl-3-[2-morpholinyl-(4)-ethy! thiourea. To 
500 ml of ether are added 19.4 gm (0.138 mole) of cyclohexyl isothiocyanate and 
18.0 gm (0.138 mole) of N-(2-aminoethyl)morpholine. The solution is refluxed 
for 10 min, cooled, filtered, and the crystalline solid dried to yield 36.0 gm 
(96%), m.p. 128°-129°C. 


(b) Preparation of 1-cyclohexyl-3-[2-morpholinyl-(4)-ethyl |\carbodiimide. 
To 50 ml of acetone are added 4.0 gm (0.0147 mole) of the thiourea prepared 
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TABLE IX 


PREPARATION OF CARBODIIMIDES BY THE ACTION OF METALLIC 
OXIDES OR OTHER COMPOUNDS ON THIOUREAS OR ISOCYANATES 


Carbodiimide 
Metallic Yield B.p., °C M.p. 
Starting thiourea or isocyanate oxide (%) (mm Hg) (°C) 
f \ , 
NHC—NH—CH,CH,—N Oo HgO 70 145 (0.2) _ 
(> [ Noes 
Ss 
CHING NUCH: e HgO — 35-40 (1.0) — 
Ss 
Cc 
( )-nig_wa{ Ag,O 91 141-144) — 
Ss 
o-CH3CsH,NCO 4% Fe(CO); 85 es e 
RENT k 2 
Ss 
R=H PbO 53 163-165(11) — 
R = p-CH; PbO 96 = 53 
R = m-CH; PbO 81 60 (1.5) _ 
R = p-(CH3)2N PbO 96 se 88 
R=p-Cl PbO 83 = 54 
R = m-NO? PbO 30 = 154 
R=m-CN PbO 50 a 137 


2 J.C. Sheehan and J. J. Hlavka, J. Org. Chem. 21, 439 (1956). 

»’R. P. Parker and R. S. Long, U.S. Pat. 2,749,498 (1949). 

¢B. D. Wilson, U.S. Pat. 3,236,882 (1966). 

4H, Ulrich, B. Tucker, and A. A. R. Sayigh, Tetrahedron Lett. 1731 (1967). 
¢ §. Hunig, H. Lehmann, and G. Grimmer, Ann. Chem. 579, 77 (1953). 


above and 6.0 gm (0.0277 mole) of yellow mercuric oxide. The mixture is 
refluxed for 6 hr, mercuric sulfide is removed by filtration, and then another 
6.0 gm (0.0277 mole) of mercuric oxide is added. The suspension is refluxed 
for an additional 6 hr, filtered, the filtrate concentrated under reduced pressure, 
and on distillation of the residue the yield is 2.4 gm (70%), b.p. 145°C (0.2 mm). 
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TABLE X 


RECENT REPORTS ON THE PREPARATION OF CARBODIIMIDES BY THE OXIDATION OF 
DISUBSTITUTED THIOUREAS 


Thiourea 
RNHCNHR’ : ' 
II Temp. Time Yield B.p., °C, M_.p. 

Catalyst S (°C) (hr) (%) (mm Hg) (°C) Ref. 

PbO +S R=R'= ( )- 70 8 94.5 133-134 o # 
(2-3) 

PbO +S R=R’=i-Pr 72 75 — 144-1448 — ig 
(760) 

PbO +S R=R’>o-toly! 72 2 90.6 169-174 _ : 
(4.5) 

Ag,O R=R’'= (> 50-60 18 91.0 141-144 -- ? 

(6) 
PbO R=R’=i-Pr 100 1:25 95 _ _— 


NaNH, = R=R’= ( 104 45 123-126 — ‘ 
(0.7) 
NaNH, R= o> 110 3565 126-128 oe ‘ 


R’=t-bu 


*W.R. Ruby, U.S. Pat. 3,201,463 (1965). 

°B. D. Wilson, U. S. Pat. 3,236,882 (1966). 

*G. T. White and K. B. Mullin, U.S. Pat. 3,352,908 (1967). 
4 P. Schlack and G. Keil, U.S. Pat. 3,320,309 (1967). 


3-2. Preparation of Diphenylcarbodiimide [60] 


acetone 


CoHsNHENHC,H, +PbO -———> CyHsN=C=-N—CyHs + PbS +H2O (20) 
S 


To a flask are added 20.0 gm (0.088 mole) of diphenylthiourea, 0.4 gm of 
sulfur, 200 ml of acetone, and 35 gm (0.157 mole) of finely dispersed lead oxide. 
The mixture is refluxed for 40 min, cooled, filtered, and the filtrate concentrated 
to 60 ml under reduced pressure. The latter filtrate is cooled to —70°C in order to 
separate the unreacted thiourea, which in this case amounts to 5.0 gm (0.022 
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mole). The acetone is removed under reduced pressure and the residue is ex- 
tracted with petroleum ether (b.p. 30°-40°C). The petroleum ether is also 
removed under reduced pressure to yield 9.0 gm (53°%) of diphenylcarbodi- 
imide, b.p. 163°-165°C (11 mm). 


B. Desulfurization of Thioureas with Alkaline Hypochlorite 


The oxidation of N,N’-dialkylthioureas to the corresponding carbodiimides 
can also be accomplished in excellent yields by alkaline hypochlorites below 
O°C [15, 16, 62-64]. The use of excess hypochlorite converts the sulfur into 
sulfate ion. This process has the main advantage of using inexpensive reagents 
and thus can be applied to the large-scale production of carbodiimides (Eq. 
21). 


a tia + 4NaOCl + 2NaOH ——~> 


RN=C=NR’ + 4NaCl + Na,SO,+2H20 = (21) 


This reaction is also applicable to aromatic thioureas as reported by Lee 
and Wragg [64b] but the yields were low. For example, di-p-tolylcarbodii- 
mide was prepared in 25% yield, m.p. 54°-55°C, by reacting 1.0 mole of the 
appropriate thiourea with 4 moles of 12% NaOCl, 4 moles of sodium dioxide 
(25%) in ether (200 ml) at 5°C [64b]. 


3-3. Preparation of N,N’-Di[admantyl-(1) ]carbodiimide [64] 


S 
I 
R—NHCNHR + NaOCl + Na,CO; ——> RN=C=N—R (22) 
Po 
HC c— 
eae. 
2 
= 2 Né ee 


| 


CH? 


vee ee 


Toastirred mixture consisting of 3.5 gm (0.011 mole) of N,N’-di[adamantyl- 
(1)]thiourea in 50 ml of methylene chloride, 2.2 gm (0.03 mole) of sodium 
hypochlorite, and 1.5 gm (0.014 mole) of sodium carbonate is added 0.08 gm 
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(0.81 mole) of cuprous chloride. The reaction is allowed to remain standing 
overnight without stirring, and the next day the two layers are separated. The 
water layer is extracted with 10 ml of methylene chloride and then the 
combined methylene chloride layers are washed with water and dried. The 
methylene chloride solvent is removed under reduced pressure to give a 
residue which is then purified by crystallization from dimethylformamide to 
afford 2.5 gm (73%), m.p. 340°-343°C. 


4. MISCELLANEOUS METHODS 


(1) Pyrolysis of tetrazoles to carbodiimides [65a, b]. 

(2) Reaction of phosphinimines with isothiocyanates or isocyanates to give 
carbodiimide [66]. 

(3) Pyrolysis of amidino dichlorides (from urea and phosgene) to carbodi- 
imide [67]. 

(4) Reaction of N,N’-disubstituted imino chlorides with base to yield carbo- 
diimides [68]. 

(5) Fission of S-alkyl-N,N’-diphenylisothioureas into mercaptan and 
diphenylcarbodiimide [69]. 

(6) Isocyanate—carbodiimide exchange reaction [70]. 

(7) Reaction of isocyanide dichlorides with primary amine hydrochlorides 
in an inert solvent at 180°C [71]. 

(8) Reaction of N-substituted trichlorophosphazenes with phenyl isocya- 
nate [72]. 

(9) Thermal decomposition of 1,2,4-oxadiazetidines to carbodiimides [73]. 

(10) Pyrolysis of 4,5-diphenyl-1,2,3,5-thiaoxadiazole 1l-oxide at 100°C 
yields diphenylcarbodiimide and sulfur dioxide [74]. 

(11) Reaction of aliphatic N-acylimino chloride with thiourea in the presence 
of triethylamine [75]. 

(12) Reaction of N,N’-diphenylthiourea with 2,4-dimethylphenyl cyanate 
to yield diphenylcarbodiimide and O-(2,4-dimethylphenyl)thiocarbamate. 
Monosubstituted thioureas yield the cyanamide [76]. 

(13) Conversion of isocyanates into carbodiimides with isopropyl methyl- 
phosphonofluoridate as catalyst [77]. 

(14) Preparation of carbodiimides by heating isocyanates with 1,2,3-tri- 
methyl-2-oxo-1,3,2-diazaphopholidine or analogs [78]. 

(15) Catalytic conversion of isocyanates into carbodiimides with the aid of 
1,3-dimethyl-1,3,2-diazaphospholidine 2-oxides and 1,3-dimethylhexahydro- 
1,3,2-diazaphosphorine 2-oxides [79]. 

(16) Carbodiimides by the catalytic action of 1-oxo-l-alkoxyphospholenes 
on alkyl or aryl isocyanates [80]. 
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(17) Carbodiimides by the pyrolysis of 4,5-disubstituted 1-oxo-1,2,3,5- 
thiaoxadiazoles [81]. 

(18) Polycarbodiimide foams from polyisocyanates and 0.001-1% by 
weight of phospholine or phospholidine [82]. 

(19) Reaction of 1,3-disubstituted thioureas with phosgene [83a-c]. 

(20) Elimination of mercaptans from isothioureas [84a-c]. 

(21) Reaction of azides with isocyanides [85]. 

(22) Pyrolysis of pyridine imidoyl-N-imines [86]. 

(23) Isomerization of N-aryl-1-aziridinecarboximodoyl chlorides to N-(2- 
chloroalkyl)-N-arylcarbodiimides [87]. 

(24) Carbodiimides from olefinic cyanamide and tert-butyl hypochlorite 
[88]. 

(25) Conversion of isocyanide dichloride to carbodiimides [89]. 

(26) Synthesis of N,N’-dicyclohexylcarbodiimide from N,N’-dicyclohexyl- 
formamidine [90]. 

(27) Synthesis of carbodiimide from N,N’-disubstituted thioureas by reac- 
tion with 1-chlorobenzotriazole or trichlorocyanuric acid [91]. 

(28) Reaction of iminophosphoranes with CS, to give carbodiimides [92]. 

(29) Reaction of 2-(trifluoromethy])-3,3-difluorooxaziridine with trime- 
thylsilicon cyanide (CH;)3,SiCN to give 1-(trifluoromethyl-3-trimethylsilyl)- 
carbodiimide [93]. 

(30) Synthesis of unusual carbodiimides (e.g., nine-membered ring carbo- 
diimides) [94]. 

(31) Addition of sulfonyl isocyanates to carbodiimides to give sulfonyl 
carbodiimides [95]. 

(32) Dehydration of amidoximes [96]. 

(33) Reaction of azide with isocyanide using iron carbony] catalyst to give 
carbodiimides [97]. 

(34) Reaction of p-tolylisocyanate with Ba[(C,H,).B (OC,H,),], cata- 
lyst to give p-tolylcarbodiimide [98]. 

(35) Oxidation of carbene palladium (II) complex with silver oxide [99]. 
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CHAPTER 10 / V-CARBAMATES (URETHANES) 


1. INTRODUCTION 


The electronic structure of the isocyanate group indicates the following 
possible resonance structure (Eq. 1): 


oo Ot oe o o es oo 
RN—C=O « R-N=C=6 ~ R-N=C_6: (1) 
(I) 


The usual reactions with isocyanates involve the reaction of active hydrogen 
with the nitrogen of the isocyanate group as is shown in Eq. 2. 


R—N=C=0+HA ——> RNH—C—A (2) 


Some of these products are stable, while others can be decomposed easily to 
the starting material or other products. The reaction of isocyanate groups with 
alcohols is discussed in detail in this chapter (Eq. 3). Reference is also made to 
the preparation of polymers using difunctional starting materials. 


] 
R—NCO+R’OH ——> RNH—COR’ (3) 


The synthesis of O-alkyl carbamates [1a] Me OR is discussed in 
Chapter 11. This chapter mainly describes N-alkyl carbamates, oe 


as derived from the condensation reactions of isocyanates. The conversion of 
O-alkyl carbamates to N-alkyl carbamates is briefly described. 


R2N 
nH COR +RNH, —— RNHCOR + NH, (4) 
Ht 
NH,COR + RCH=CH, ———> RCH,CH,NHCOR (5) 
fe) 
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The chemistry of N,N-dialkyl carbamates is referred to briefly in Section 4, as 
are other methods for the preparation of N-alkyl carbamates. 


CAUTION: The handling of isocyanates should be done with great care 
because of their known toxicity hazard. The hazards and chemistry of methyl 
isocyanate have recently been reported [1b]. Toluene diisocyanate (TDI), 
methylene diisocyanate (MDI), and methyl isocyanate (MIC) are flammable, 
very reactive, and have in common low maximum allowable concentrations 
for employee exposure by the Occupational Safety and Health Administra- 
tion (OSHA). The exposure limits, averaged over an 8hr period, are 
0.02 ppm each for MDI and MIC and only 0.005 ppm for TDI [1b]. 


2. CONDENSATION REACTIONS 


A. Reaction of Isocyanates with Hydroxy Compounds 


For the most part, the preparation of monomeric and polymeric carbamates 
(urethanes), semicarbazides, and ureas consists of condensation reactions of 
isocyanates with alcohols, hydrazines, or amines. The synthesis of ureas and 
semicarbazides are described in Chapters 6 and 8, respectively. 

Isocyanates readily react with primary alcohols at 25°-50°C, whereas 
secondary alcohols react 0.3 as fast, and tertiary alcohols approximately 0.005 
as fast as the primary [2]. Thus, the effect of steric hindrance shows a pro- 
nounced effect on these reactions. For example, triphenylcarbinol has been 
reported to be completely unreactive [3a, b]. Other tertiary alcohols such as 
t-butanol may react under uncatalyzed conditions with isocyanates to give 
olefin formation, as shown in Eq. (6), using phenyl isocyanate [4, 5]. 


2CsHsNCO + (CH3);C—OH -> CsHsNHCONHG4Hs + CO, +(CH3),C=CH, —(6) 


The olefins formed under these conditions using other tertiary alcohols 
tend to follow the Hofmann rule [6a]. However, tertiary alcohols and phenols 
[6b] can be made to react with isocyanates to give urethanes when they are 
catalyzed by acids or bases such as pyridine [6b], triethylamine, sodium ace- 
tate, boron trifluoride etherate, hydrogen chloride, or aluminum chloride 
[7a] and lithium alkoxide [7b]. Table I indicates the results of preparing 
phenylurethanes of tertiary alcohols using 2 or 3 gm of the alcoho! with an 
equivalent amount of phenylisocyanate in the presence of 0.1 gm of 
anhydrous sodium acetate for 4-Shr on a steam bath. In each case the 
reaction product was contaminated with some diphenylurea and unreacted 
phenyl isocyanate. Recrystallization or distillation under reduced pressure 
yielded the pure product. 
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TABLE I* 


PREPARATION OF PHENYLURETHANES OF TERTIARY ALCOHOLS [7a] 


M.p. (°C) 

Phenylurethane of (uncorr.) Formula 
Dimethylbutylcarbinol 62-63 C,4H2;NO2 
Dipheny!methylcarbinol 124-125 C2;HigNO2 
Triethylcarbinol 61-61.5 C,4H2,;NO, 
Methylethylbenzylcarbinol 83.5-84 CigH2;NO, 
Diethylbenzylcarbinol 96-96.5 Cy9H23NO, 


* Reprinted from D. S. Tarbell, R. C. Mallatt, and J. W. Wilson, 
J. Amer. Chem. Soc. 64, 2229 (1942). (Copyright 1942 by the American 
Chemical Society. Reprinted by permission of the copyright owner.) 


Using 9.2 mmoles each of o-cresol and «-naphthyl isocyanate in 3.00 ml of 
purified ligroin, the effect of catalysts was tested. The sealed tubes were heated 
in a 65°C bath and after a definite time the solid urethane derivative was 
isolated, washed, dried, and weighed. The results (see Fig. 1) show that tri- 
ethylamine is the most effective amine, boron trifluoride etherate being the 
most effective acid tested at that time [7a]. 


0.13 mmole (CzHs)3N 


90 F O9.§ mmole (CoH.), 0° BF, 


70 
1.6 mmole CgeHaN 1.9 mmole Ciz;CCOOH 


50 O 


1.6 mmole HCI 


Yield (%) 


1.9 mmole CgHgN(CH3)> 


1.9 mmole CICHs COOH 


1.9 mmole CH3COOH 


100 200 300 400 500 


Time (min) 


Fic. 1. Effect of catalysts on the rate of reaction of o-cresol and «-naphthy] isocyanate [7]. 
Reprinted from D. S. Tarbell, R. D. Mallatt, and J. W. Wilson, J. Amer. Chem. Soc. 64, 2229 
(1942). (Copyright 1942 by the American Chemical Society. Reprinted by permission of 
the copyright owner.) 
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2-1. Preparation of the Phenylurethane of Ethanol [8] 


NCO uae 5 


a C,H;OH —_—_> a (7) 


To a dry Erlenmeyer flask are added 29.6 gm (0.25 mole) of phenyl isocya- 
nate, 1 drop of pyridine, and 11.5 gm (0.25 mole) of absolute ethanol. The re- 
action mixture, after standing for 5-10 min, becomes hot and is cooled and 
stirred. After the reaction appears to be complete, the contents are heated to 


TABLE II° 


COMPARISON OF THE CATALYTIC ACTIVITY OF SOME ORGANOTIN COMPOUNDS 
WITH THAT OF OTHER CATALysTs’ [9] 


Relative 
activity 
Catalyst at 1.0 

Catalyst (mole %) (mole %) 

None 1.0° 
N-Methylmorpholine 1.0 4 
Triethylamine 1.0 8 
N,N,N’,N’-Tetramethyl]-1,3-butanediamine 1.0 27 
1,4-Diazabicyclo[2,2,2joctane 1.0 120 
Stannous chloride 0.10 2,200 
Stannic chloride 0.10 2,600 
Ferric acetylacetonate 0.01 3,100 
Tetra-n-butyltin 1.0 160 
Tetraphenyltin 1.0 9 
Tri-n-butyltin acetate 0.001 31,000 
Dimethyltin dichloride 0.001 78,000 
Di-n-butyltin diacetate 0.001 56,000 
Di-n-butyltin dichloride 0.001 57,000 
Di-n-butyltin dilaurate 0.001 56,000 
Di-n-butyltin dilaurylmercaptide 0.001 71,000 
Bis(2-ethylhexyl)tin oxide 0.001 35,000 
Di-n-butyltin sulfide 0.001 20,000 
2-Ethylhexylstannonic acid 0.001 30,000 


* Phenyl isocyanate-butanol reaction, both 0.25 M in dioxane at 70°C. 

> Ky = 0.37 x 10-41 mole! sec-! at 70°C. 

© Reprinted from F. Hostettler and E. F. Cox, Ind. Eng. Chem. 52, 609 
(1960). (Copyright 1960 by the American Chemical Soe: Reprinted by 
permission of the copyright owner.) 
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TABLE III” 


TERTIARY AMINE CATALYTIC ACTIVITIES IN THE REACTION OF PHENYL 
ISOCYANATE WITH 1-BUTANOL 1N TOLUENE AT 39.69°C! [11] 


Catalytic 

Catalyst activity pK, 
N-Methylmorpholine* 1.00 7.41° 
N-Ethylmorpholine* 0.68 7.70° 
Ethyl morpholinoacetate 0.21 5.2° 
Dimorpholinomethane 0.075 7.4¢ 
N-(3-Dimethylaminopropyl)morpholine 2.16 
Triethylamine* 3.32 10.65¢ 
N-Methylpiperidine® 6.00 10.08* 
N,N,N’,N’-Tetramethy]-1,3-propanediamine 4.15 9.8 
N,N-Dimethyl-N’,N -diethy]-1,3-propanediamine 3.10 —_ 
N,N,N’,N’,N’-Pentamethyldiethylenediamine 3.47 9.4f 
N,N,N’,N’-Tetraethylmethanediamine 0.085 10.6° 
Bis(2-diethylaminoethyl)adipate? 1.00 8.6° 
Bis(2-dimethylaminoethyl)adipate® 1.92 8.8° 
N,N-Dimethylcyclohexylamine?* 6.00 10.1° 
N,N-Diethylcyclohexylamine* 0.70 10.0¢ 
N-Methyl-N-octylcyclohexylamine® 2.00 9.8° 
N-Methyl-N-dodecylcyclohexylamine*® 1.90 — 
N-Methyl-N-(2-ethylhexyl)cyclohexylamine?’ 0.16 9.6° 
N-Methyldicyclohexylamine?® 0.16 
1,4-Diazabicyclo[2.2.2Joctane! 23.9 5.44 
1,2-Dimethylimidazole! 13.9 
Quinine? 11.3 7.8° 
Pyridine? 0.25 5.29% 


“From Union Carbide Chemicals Co. >H. K. Hall, J. Phys. Chem. 60, 
63 (1956). © Determined in this work [11]. 4From Distillation Products, 
Ind. © H.K. Hall, J. Amer. Chem. Soc. 79, 5441 (1957). SR. Rometsch, 
A. Marxer, and K. Miescher, Helv. Chim. Acta 34, 1611 (1951). * From 
Naugatuck Chemical Co. "From E. I. du Pont de Nemours & Co. 
‘ From Houdry Process Corp. J pK,, A. Farkas and K. G. Flynn, J. Amer. 
Chem, Soc. 82, 642 (1960). * H.H. Jaffe and G. O. Doak, J. Amer. Chem. 
Soc. 77, 4441 (1955). '‘ Catalytic activity of N-methylmorpholine is taken 
as 1.00. The amines were compared at equal amine equivalents which was about 
0.0300 N. The isocyanate and alcohol concentrations were about 0.100 M. 
™ Reprinted from J. Burkus, J. Org. Chem. 26, 779 (1961). (Copyright 1961 by 
the American Chemical Society. Reprinted by permission of the copyright 


owner.) 
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60°-70°C for 4 hr. The contents are cooled and a few drops are placed on a 
watchglass to get a seed crystal. The seed crystal is added to the rest of the 
flask and, on stirring the contents, the urethane precipitates to yield 40.0 gm 
(97%), m.p. 55°C. 

Other examples of the catalytic activity of amines and other catalysts [9] are 
given in Tables IJ and III, which show that their activity is not dependent on 
base strength [10a]. 

In the reaction of 2,4-toluene diisocyanate the 4-position isocyanate group 
reacts first and then the one at the 2-position [12]. Some representative ex- 
amples of the reactivity of diisocyanates with 2-ethylhexanol are shown in 
Fig. 2. 


Molar concentration of unreacted diisocyanate 
Diisocyanate unreacted (%) 


4 1 —-——L 


1 5 
0 20 3% 40 50 60 70 
Time (hr) 


Fic. 2. Reactivity of aromatic diisocyanates 0.02 M with 2-ethylhexanol 0.4 M and di- 
ethylene glycol adipate polyester in benzene at 28°C. (A) 1-Chloro-2,4-phenylene diiso- 
cyanate. (B) m-Phenylene diisocyanate. (C) p-Phenylene diisocyanate. (D) 4,4’-Methylene 
bis(phenyl isocyanate). (E) 2,4-Tolylene diisocyanate. (F) Tolylene diisocyanate (60% , 2,4- 
isomer, 40% 2,6-isomer). (G) 2,6-Tolylene diisocyanate. (H) 3,3’-Dimethy]-4,4’-biphenylene 
diisocyanate (0.002 M) in 0.04 M 2-ethylthexanol. (I) 4,4’-Methylene bis(2-methylpheny! 
isocyanate). (J) 3,3’-Dimethoxy-4,4’-biphenylene diisocyanate. (K) 2,2’,5,5’-Tetramethyl- 
4,4’-biphenylene diisocyanate. (L) 80% 2,4- and 20% 2,6-isomer of tolylene diisocyanate 
with diethylene glycol adipate polyester (hydroxy! No. 57, acid No. 1.6, and average mole- 
cular weight 1900). Reprinted from M. E. Bailey, V. Kirss, and R. G. Spaunburgh, Ind. Eng. 
Chem. 48, 794 (1956). (Copyright 1956 by the American Chemical Society. Reprinted by 
permission of the copyright owner.) 
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Cation exchange (free tertiary amine or quaternary ammonium groups) 
resin catalysts such as Amberlyst A-21 (Rohm & Haas) have been reported to 
catalyze the reaction of alkyl, allyl, or aryl isocyanates with hydroxy groups 
or compounds [10b]. 

Polyurethane resins are usually prepared by the reaction of a long-chain 
diol with an excess of the diisocyanate to obtain a “prepolymer” with 
terminal isocyanate groups [13a] (Eq. 8). The “prepolymer” can react 
separately with 


R(NCO), + HO—~~----OH_ ——> 


OCN—R—NHCOO~——~-OCONH—R—NCO_ (8) 


diols or diamines of low molecular weight to cause further chain extension or 
polymerization (curing of the prepolymer). On reaction with water, the 
“prepolymer” can also be used to give foams, amines or tin compounds being 
used as catalysts in the foaming process. The properties of the polyurethane 
resin are controlled by the choice of the diisocyanate and polyol. The stiffness 
of the aromatic portion of the diisocyanate may be increased by using 1,5- 
naphthalene diisocyanate in place of 2,4-toluene diisocyanate. In addition, the 
flexibility may be increased by using a polyether polyol derived from propylene 
oxide or tetrahydrofuran. Using aromatic polyols and triols would lead to 
chain stiffness and crosslinking in the case of the triols. The use of aromatic 
diamines leads to a polyurea of greater rigidity than a polyether polyurethane. 
Some examples of the reactivity of diols with a representative diisocyanate are 
shown in Table IV. 


TABLE IV 


REACTIVITY OF DIOLS WITH p-PHENYLENE DIISOCYANATE 
AT 100°C [14] 


Relative order 


Diol type of reactivity 
Polyethylene adipate 100 
Polytetrahydrofuran 17-54 
1,4-Butanediol 15 
1,4-cis-Butenediol 7 
1,5-Bis(8-hydroxyethoxy)naphthalene 4 
1,4-Butynediol 1¢ 


* Rate of reaction = 0.6 x 10~¢ liter/mole-sec. 
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2-2. Preparation of a Polyurethane Prepolymer [15a] 


CH; 
CH, CH, CH; 
| NCO 
CH—CH), CH—CH,O CH,—CH + 2 —_—> 
OH f OH 
NCO 
cu-cH, a a 
oy n * OC—NH 
6, (9) 
NCO NCO 
CH; CH; 


To a 500 ml dry, nitrogen-flushed resin kettle equipped with a mechanical 
stirrer, thermometer, condenser with drying tube, dropping funnel, and heating 
mantle are added 34.8 gm (0.20 mole) of 2,4-toluene diisocyanate and 0.12 gm 
(0.000685 mole) of o-chlorobenzoyl chloride. Polyoxypropylene glycol (Dow 
Chemical Co. P-1000, mol. wt. 1000) is added dropwise over a 2 hr period at 
65° + 3°C until 100.0 gm (0.1 mole) has been added. Stirring at 65°C is main- 
tained for an additional 2 hr and then the reaction is cooled. The final product 
is a Clear viscous liquid; NCO calc. 6.23%; found 6.27 %. 

The use of hydroxyalkylmethacrylates on reaction with diisocyanates leads 
to polymerizable urethanes [15b]. 

The reaction of «-naphthyl isocyanate with alcohols has been reported to be 
a convenient analytical method for the preparation of solid derivatives 
[16-18]. In addition, the by-product dinaphthylurea is very insoluble in hot 
ligroin (b.p. 100°-120°C). The urethanes are readily soluble in hot ligroin, and 
on cooling the solution they recrystallize to sharp-melting solids. It is recom- 
mended that two recrystallizations be performed to obtain substances for 
analysis. Primary alcohols react well without the need for heating the reaction 
mixture. Secondary alcohols require additional heat, and the yields of urethane 
oft are smaller than when primary alcohols are used. Tertiary alcohols other 
than ¢-butyl [17] or ¢-amyl [17] were not able to react under the conditions used. 
Table V lists some representative alcohols and their a-naphthylurethane 
derivatives. 
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TABLE V* 


a- NAPHTHLYURETHANE DERIVATIVES OF ALCOHOLS [16] 


«-Naphthylurethane, 


Alcohol m.p. (°C) 
Methyl 124 
Benzy] 134.5 
Cinnamy! 114 
Phenylethy] 119 
Laury] 80 
n-Amy] 68 
Furfury! 129-130 
m-Xyly] 116 
o-Methoxybenzy! 135-136 
Ethylene glycol 176 
Trimethylene glycol 164 
Glycerol 191-192 
Ethylene-bromohydrin 86-87 
Trimethylene-bromohydrin 73-74 
Ethylene~chlorohydrin 101 
Trimethylene-chlorohydrin 76 
Phenylmethyl carbinol 106 
Phenylethy! carbinol 102 
Menthol 119 
Borneol 127 
Isoborneol 130 
Cholesterol 160 
Benzoin 140 
Diphenyl carbinol 135-136 
Cyclohexanol 128-129 
2-Methylcyclohexanol 154-155 
3-Methylcyclohexanol 122 
4-Methylcyclohexanol 159-160 
Methylhexy! carbinol 63-64 
Diethy! carbinol 71-73 
Tripheny! carbinol No reaction 
Diethylmethyl carbinol No reaction 
Citronellol No reaction 


* Reprinted in part from V. T. Bickel and H. E. French, J. 
Amer. Chem. Soc. 48, 747 (1926). (Copyright 1926 by the 
American Chemical Society. Reprinted by permission of the 
copyright owner.) 
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2-3. General Method for the Preparation of a-Naphthylurethanes [16] 


NCO HN—C—OR 


“—OO-CO  @ 


To a small flask or test tube are added 2-3 gm of the alcohol and a slight 
stoichiometric excess of the «-naphthyl isocyanate. If the reactants do not 
react immediately to give a solid product, heat is applied. The contents of the 
flask are extracted with boiling ligroin (b.p. 100°-120°C) which dissolves the 
urethane but leaves the insoluble dinaphthylurea. 


In the case of cinnamyl alcohol, menthol, borneol, isoborneol, cholesterol, 
and benzoin, the alcohol is dissolved in approximately 10 ml of ligroin before 
it reacts with «-naphthyl isocyanate. 

The urethanes are generally recrystallized from ligroin with the exception of 
glycerol and ethylene glycol, which are recrystallized from alcohol. 

Phenols but not polyhydroxybenzenes also react with «-naphthyl isocyanate 
to give a-naphthylurethanes. In some cases in which solid derivatives were 
difficult to obtain, the addition of | or 2 drops of triethylamine solution in ether 
caused a solid derivative to form rapidly. Table VI [19a] gives several 
phenols and the respective melting points for their «-naphthylurethane 
derivatives. Again in this case the by-product dinaphthylurea has the 
advantage that it is insoluble in boiling ligroin, whereas diphenylurea (from 
phenyl isocyanate) is soluble and causes problems in separating it from the 
urethane derivative. The experimental procedure is similar to that described 
in Preparation 2-3. 


B. Reaction of Carbonates with Amines 


N-Alkyl carbamates can be prepared by the reaction of dialkyl carbonates 
with alkylamines. Delepine and Schving earlier reported that N-methyl 
methylcarbamate could be prepared by the reaction of methylamine with 
dimethyl carbonate [19b, f]. Dimethylamine reacted similarly to give N- 
dimethyl methylcarbamate [19b, c]. 


(CH,),NH + COOH —— (CHC OCH, +CH,OH (11) 
re) 


Aromatic carbonates react similarly with aliphatic amines in the presence 
or absence of solvents [19d]. 
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TABLE VI° 


o- NAPHTHYLURETHANE DERIVATIVES OF SOME 
REPRESENTATIVE PHENOLS [19] 


Catalyst 
Urethane, (C2Hs)3N 
Phenolic compound m.p. (°C) added 
m-Cresol 127-128 No 
p-Cresol 146 No 
Thymol 160 No 
Carvacrol 116 No 
o-Nitrophenol 112-113 Yes 
m-Nitrophenol 167 No 
p-Nitropheno! 150-151 No 
o-Chlorophenol 120 Yes 
m-Chlorophenol 157-158 Yes 
p-Chlorophenol 165-166 No 
o-Bromophenol 128-129 Yes 
p-Bromophenol 168-169 Yes 
2,4,6-Tribromophenol 153 Yes 
2-Chloro-5-hydroxytoluene 153-154 Yes 
4-Hydroxy-1,2-dimethylbenzene 141-142 Yes 
4-Hydroxy-1,3-dimethylbenzene 134-135 Yes 
2-Hydroxy-1,4-dimethylbenzene 172-173 Yes 
Resorcinol-monomethy] ether 128-129 Yes 
Guiacol 118 No 
Eugenol 122 No 
Tsoeugenol 149-150 Yes 
Orcinol? 160 Yes 
Resorcinol No reaction _— 
Hydroquinol No reaction — 
Catechol No reaction _— 
Pyrogallol No reaction _ 
a-Naphthol 152 Yes 
B-Naphthol 156-157 Yes 
1-Nitro-2-naphthol? 128-129 Yes 
o-Aminophenol? 201 No 


* Reacts with great difficulty and gives low yields of the urethanes. 

> Reacts readily at room temperature. 

¢ Reprinted in part from H. E. French and A. F. Wirtel, J. Amer. Chem. 
Soc. 48, 1736 (1926). (Copyright 1926 by the American Chemical Society. 
Reprinted by permission of the copyright owner.) 
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In the absence of amines ureas can be used to react with alkyl carbonates 
under elevated temperatures and pressures when catalyzed by metal salts or 
oxides. For example, N,N”-diphenylurea (1.0 mole) reacts with diethylcar- 
bonate (6.0 moles), at 180°C in a small pressure vessel when catalyzed by lead 
oxide (0.8 gm) to give a 98% yield of N-phenyl-O-ethylurethane [19e]. 


C. N-Alkylation of Alkyl Carbamates 


The reaction of alkyl carbamates with amines to give N-alkyl carbamates 
has been reported to be catalyzed by tertiary amines [19f]. Aromatic amines 
such as aniline have been reported to react with methyl carbamate in 
methanol at 190°C when catalyzed by zinc chloride [19g]. 

The reaction of olefins (such as isobutylene with alkyl carbamates) is 
reported to be catalyzed by acids [19h, i]. 

Ethyl carbamate can also be substituted on the nitrogen by means of 
condensations involving formaldehyde [19i]. 


II 
C,H,OCNH, + CH,=O CH,;—C,H,—SO,Na 


ll tl 
CH,—C,H,SO,CH,NHCOC,H, + H,O0 +NaOCH (12) 


3. MISCELLANEOUS REACTIONS OF ISOCYANATES 
AND ALCOHOLS 


(1) Reaction of «hydroxy esters with isocyanates [20]. 

(2) Ring formation on the reaction of glycidol with phenyl isocyanate [21]. 
(3) Reaction of ethanolamine with isocyanates [22]. 

(4) Reaction of phenols with isocyanates [23a, b]. 

(5) Reaction of acrylyl isocyanate with alcohols [23c]. 


4. MISCELLANEOUS METHODS OF PREPARING 
URETHANES (N-CARBAMATES) 


(1) Reaction of inorganic cyanates with organic halides in the presence of 
alcohols [24]. 

(2) Reaction of 1,4-dichloro-2-butene with sodium cyanate and 1,4- 
butanediol to give poly(tetramethylene-2-butene-1,4-dicarbamate) [25]. 

(3) Direct fluorination of N-substituted carbamates [26]. 
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(4) Reaction of dimethylcarbamoy! chloride with p-methoxyphenol to give 
p-methoxyphenol N,N-dimethylcarbamate [27]. 

(5) Reaction of ethyl chloroformate with amines to give ethyl alkylcarba- 
mates [28]. 

(6) Reaction of phenyl chioroformate with amines [29]. 

(7) Reaction of ethyl chloroformate with allylamine to give ethyl allyl- 
carbamate [30]. 

(8) Reaction of alcohols with the inner salt of methyl (carboxysulfamoyl)- 
triethylammonium hydroxide to give methyl N-alkyl carbamates [31]. 

(9) Reaction of nitro compounds with carbon monoxide and an alcohol in 
the presence of catalysts to give urethanes [32]. 

(10) Preparation of benzoxazolone [33]. 

(11) Carbonylation of amines to carbamates [34]. 

(12) Fluorination of carbamates [35]. 

(13) Preparation of N-chlorocarbamates [36]. 

(14) Carbamates by the oxidative alkoxycarbonylation of amines [37]. 

(15) Preparation of vinyl carbamates [38]. 

(16) Carboalkoxylation and carboxylation of amines to give carbamates 
[39]. 

(17) Vicinal oxyamination of olefins by N-chloro-N-metallocarbamates 
[40]. 

(18) Anodic methoxylation of amines to give «-methoxycarbamates [41]. 
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CHAPTER 11 / O-CARBAMATES 


1. INTRODUCTION 


O-Carbamates (structure I) represent a class of compounds distinct from 
those discussed in Chapter 10, which are N-carbamates (substituents on the 
nitrogen atom as in structure II). In this chapter only carbamates with 
varying substituents on the oxygen atom are discussed. 


1 1 
ROC—NH), ROC—NHR 
(I) O-carbamate (II) N-carbamate 


The recent industrial applications of a carbomates such as those reported 
as a tranquilizer [1] (structure III), a crease-resistant agent (when reacting 
with formaldehyde) in the textile industry [2], a solvent [3], hair conditioners 
[4], a plasticizer [5], and a fuel additive [6] have stimulated interest in the 
synthesis of various O-carbamates. 

CH; CH,OCONH, 
NZ 
Cc 
ZN 
Cj;H, CH,OCONH, 
(III) Meprobamate, a tranquilizer 

The O-carbamates are usually solids; some representative examples are 

shown in Table I. 


TABLE I 


MELTING PoINTsS OF O-CARBAMATES 


Carbamate M.p. (°C) 
Methy] 54.2 
Ethyl 48.2 
n-Propyl 60 
Isopropy] 95 
n-Butyl 53 
Lauryl 81-82 
n-Octyl 67 
n-Stearyl 94-95 
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The most important methods of preparing O-carbamates are shown in 
Eq. (1). 


(@) 
| NaOCN wit stts 
ROCNH, «———— ROH ——~——~> ROCNH, 
CF3COOH, 
CeHe 
—ROH |R’OH COCI, 
a (1) 
° ROCOCI 
R'OCNH, 
R’NH2 
ROCONHR’ 


2. CONDENSATION REACTIONS 


A. Reactions of Alcohols with Urea 


The reaction of primary alcohols with urea gives carbamates when the reac- 
tion is carried out at 115°-150°C [7-10] (Eqs. 2, 3). Since 150°C is the tempera- 
ture for the optimum dissociation of urea to cyanic acid and ammonia, lower- 
boiling alcohols (methyl, ethyl, and propyl) must be heated under pressure. 
Refluxing urea and n-butanol at 115°-120°C requires a 40-hr reaction time to 
givea 75 % yield of butyl carbamate [8]. 


(@) 
| heat 
NH2CNH, == HNCO+NH; (2) 
HNCO+ROH ——> RO—CNH, (3) 


| 
O 


In order to shorten the reaction time, various heavy metal salts (zinc, lead, 
and manganese acetates) of weak organic acids, zinc or cobalt and tin chlorides 
are added to the reaction mixture [11]. For example, refluxing an uncatalyzed 
mixture of 3 moles of isobuty! alcohol and urea for 150 hr at 108°-126°C gives 
a 49% yield of the carbamate. Adding lead acetate or cobalt chloride to the 
same reaction lowers the reaction time to 75 hr, at which point an 88-92 % yield 
is obtained. In another example, ethylene glycol (1 mole) and urea (2 moles) 
are heated for 3 hr at 135°-155°C with Mn(OAc), to give a 78% yield of the 
diurethane [11]. The commercial production of butyl carbamate uses catalytic 
quantities of cupric acetate [12]. 


276 11. O-Carbamates 


The effects of catalysts on the yields and rates of formation of carbamates 
from alcohols and urea are shown in Tables II and III. The catalytic 
effectiveness of BF, has also been reported [13]. 

Apparently a systematic study has not been made to evaluate the compara- 
tive effectiveness of various metals as catalysts for the reaction of urea with 
alcohols to give carbamates. The reaction of urea with tertiary alcohols and 
phenols fails to give carbamates. In concentrated sulfuric acid at 20°-25°C 
tertiary alcohols alkylate urea in 31-33 &% yields [14, 15]. For the preparation of 
tertiary alkyl, secondary alkyl, and phenolic carbamates see Section C. 


2-1. Preparation of Methyl Carbamate [12] 


O 
| Cu(OAc), 
NH,2CNH, + CH;0H Bee CH;0CNH, + NH; (4) 
TABLE II? 


CATALYTIC EFFECT ON THE YIELDS AND RATES OF FORMATION OF CARBAMATES 
FROM ALCOHOLS AND UREA 


Reactants 
Urea Alcohol Time Temp. Carbamate 
(moles) (moles) Catalyst (gm) (hr) (°C) (yield %) 
Benzyl! alcohol 
1.0 3.0 Oo — 5 175-185 56 
1.0 2.0 Zn(OAc)2 4 8 150-160 87 
1.0 2.0 SnCl, 4 8 150-160 92 
1.0 2.0 conc. H,SO, 1 5 175-185 0 
1.0 2.0 NH,HSO, 6 5 175-185 0 
1.0 2.0 Glycerin 8 5 175-185 0 
Isobutyl alcohol 
1.0 3.0 oO — 150 108-126 49 
1.0 3.0 Pb(OAc)2 6 75 108-126 88 
1.0 3.0 COCcl, 5 75 108-126 92 
1.0 1.95 85% H3PO, 5 12 80-85 0 
1.0 1.95 HCI gas 10 70-75 0 
Methyl- 
Cyclohexanol 
1.0 3.02 O — 4 160-205 18 
1.0 3.02 O — 6 150-160 56 
1.0 3.02 Zn(OAc)2 7 5 100-105 83 
1.0 3.02 85% H3PO, 7 5 160-185 0 


* Data taken from Paquin [11]. 
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To a flask are added 60 gm (1.0 mole) of urea, 4.0 gm (0.022 mole) of cupric 
acetate, and 0.5 ml of methanol. The mixture is heated to 130°C, and 32 gm 
(1.0 mole) of methanol is then added dropwise over a 3 hr period while 
ammonia is evolved completely. The residue in the flask weighs 31.1 gm 
(41 %) and has a melting point of 54°C. The advantage of this catalyst is that 
it allows the reaction to be carried out at atmospheric pressure. Other 
examples are described in Table IV. 

Ethyl, butyl, and 2-methoxyethyl carbamates are prepared similarly. 


2-2. Preparation of Ethyl Carbamate [13] 


| BF; I 
C,H;0H + NH:zCNH, ——> C,H;0CNH, + NH; (5) 

To atared flask containing 600.6 gm (10 moles) of urea dissolved in 2073.2 gm 
of ethanol at 70°C is added, via a gas addition tube, boron trifluoride until 
678.2 gm (4.3 moles) is absorbed. The ethanol is removed by distillation until 
the pot temperature reaches 100°C, then the reaction mixture is filtered. The 
solids, which consist of BF;-NH, complex, are washed with ethanol and then 
the ethanol is added to the original filtrate. The ethanol is then distilled off 
again as above and filtered again to give more BF,;—NH,; solids. The total 
BF,-NH; solids weigh 535 gm. This solid is washed with hot ethanol and 
the total alcohol washing and remaining ethanol filtrates cooled to give 255 gm 
of BF;-4(NH,CONH,) complex, m.p. 96°-98°C. The combined filtrates are 
freed of alcohol by distillation, extracted with benzene, and the extract on 
distillation under reduced pressure affords 380 gm (99%) of C,H; OCONH;, 
b.p. 115°C (100 mm), m.p. 48°--50°C. The tacky residue weighs 150 gm. 

An example of the uncatalyzed reaction of n-butanol with urea is described 
in Preparation 2-3, which requires a 30 hr reaction time for completion. The 
more convenient catalyzed reactions are shown in Preparations 2-4 and 2-5. 
Preparation 2-4 is preferred because of its simplicity (also cost) and use of no 
added solvents which may complicate recovery. Other examples of useful 
catalyzed reactions are shown in Tables II, III, and IV. 


2-3. Preparation of n-Butyl Carbamate [8] 


oO 
| I 
NH2CNH; + 2-C4HgOH ~~ n-CysHyOCNH?2 + NH; (6) 
To a flask in a hood is added 970 gm (13.1 moles) of n-butanol. The n- 
butanol is stirred and warmed to 100°C while urea (180 gm, 3 moles) is added in 
small portions. The reaction is exothermic, and the temperature is maintained 
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USE OF MISCELLANEOUS CATALYSTS FOR THE FORMATION OF O-CARBAMATES BY THE REACTION OF UREA WITH ALCOHOLS 


Catalyst* Alcohol Urea Time 
(gm) (moles) (moles) (hr) 
Cu,0-CuO C,H,CH,OH 0.5 3.5 
0.5 1.0 
— C,H;,O0CH,CH,OH 1.7 7.0 
3.0 ; 
Ni-containing ion exchange CH;0CH,CH,OH 5.0 7 
resin 18 9.0 
(From Amberlite 200 and NiSO,) 
H,PO, CH,OH 6.0 0.66 
588 53 
AICI, Dry CH;0CH,CH,OH 5.0 5.0 
15 10 
ZnO n-C,H,OH 1.0 9 
1.2% 2-4 
Aluminosilicate CH;0OH 1.0 + 
14 
PbO, CH;0H 1.0 3 
40 1.0 
Cu(OAc), 
4.0 1.0 1.0 3 
5% ZnO + 0.3 mole H,;PO, C,-C, alcohols 1.0 0.25 
9.0 
Benzene hexachloride CH;OH 1.0 4 
97 3.0 
(CH3;0);P n-BuOH 10 20 
18 3.0 
Diazobicyclo[2.2.2Joctane CH,;0CH,CH,OH 10.0 9 
(triethylene diamine) 20 
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Temp. O-Carbamate 
(°C) yield (%) Ref. 
130 771A bl 
190 96 Y 
(7 bars) 
149 98.5 . 
(b.p. 96°-98°C 
at 0.1 mm Hg) 
138-140 88.2 ¢ 
130-147 98.5 7 
100-150 94 f 
160 42 9 
(40 atm) 
130 50.6 * 
(m.p. 53°-54°C) 
130 31.5 A 
140 57.8-63.5 i 
160 82 j 
Reflux 85 X 
Reflux 71 ! 
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cs, CH,OH 1.0 = 180 80.7 m 


14 
CS, C,-C, alcohols 1.0 _ 180 60-80 - 
14 
HNO, Cs-C, Alcohols 1.0 in DMF 130-140 25-45 x 
Polyethylene glycol 200 C,H,OH 3.0 140 53 : 
100 %6 (250 psig) 
Zn(OAc), C4-Cy 1.0 3-4 120-172 83-95 (C4) e 
10 1.0 69-75 (C,) 
Dibutyltindilaurate n-BuOH 1.0 17 Reflux 57 q 
9.2 40 


*Note: In some cases the catalyst is also a reactant, as in the case of benzene hexachloride. In one case the catalyst is a polar solvent which is 


recovered (as, for example, polyethylene glycol 200). 


°K. Kozlowski, A. Goraczko, S. Musial, and J. Doda, Pol. PL. 117,711 (Dec. 31, 1982); Chem. Abstr. 99, 53397k (1983). 

> ©, Mattner, F. Merger, N. Gerhard, and F. Towae, Ger. Offen. DE 3,200,559 (July 21, 1983); Chem. Abstr. 99, 104818h (May 29, 1983). 
* T. Dockner and H. Petersen, U.S. Pat. 4,156,784 (May 29, 1979). 

4J. D. Slater and W. J. Culbreth, U.S. Pat. 3,554,730 (Jan. 12, 1971). 

*J. G. DeMarco, USS. Pat. 3,725,464 (Apr. 3, 1973). 

£M. O. Robeson, U.S. Pat. 3,574,711 (Apr. 13, 1971). 

9T. P. Vishnyakova, Y. M. Puushkin, T. A. Faltynek, I. A. Golubeve, V. V. Federov, and G. F. Shuleika, Khim. Tekhnol. Topl. Masel 16(7), 


10 (1971); Chem. Abstr. 75, 12931 1e (1971). 


"H. Hatas, Japan Pat. 70/23,536 (Aug. 7, 1970); Chem. Abstr. 73, 109312m (1970). See also S. Bemfest and J. Halpern, U.S. Pat. 3,013,064 


(Mar. 10, 1960). See also ref. [12] in this chapter. 


'T. P. Vishnyakova, Y. M. Paushkin, T. A. Faltynek, I. A. Golubova, A. G. Liakumovich, Y. I. Michurov, Neftepererab. Neftekhim (Moscow) 


(1), 27 (1969); Chem. Abstr. 70, 86993f (1969). 


4M. Taguchi, M. Aramaki, and K. Nagano, Japan Pat. 68/22,290 (Sept. 25, 1968); Chem. Abstr. 70, 57221x (1969). 

* T. Fujita, Y. Aida, S. Shimpo, and T. Nakamura, Japan Pat. 69/05,370 (May 6, 1969); Chem. Abstr. 71, 3012g (1969). 

'H. G. Goodman, Jr., and C. A. Duprez, U.S. Pat. 3,449,406 (June 10, 1969); Chem. Abstr. 71, 38388m (1969). 

™ T. P. Vishnyakova, I. A. Golubeva, and T. W. Faltynek, Neftepererab. Neftekhim. (Moscow) (3), 31 (1969); Chem. Abstr. 71, 85008x (1969). 
"R. Zielinski, Zesz. Nauk. Akad. Ekom Poznanin Ser. I 88, 103 (1981); Chem. Abstr. 98, 161220y (1983). See also L. Guerci, Gi. Chim. Ind. 


Appl. 4, 60 (1921); Chem. Abstr. 16, 2481 (1922). 


° J. Levy, US. Pat. 3,871,259 (Jan. 27, 1959). 
’ B. A. Dadashev, O. G. Seidbekova, and G. G. Alimamedov, Azerb. Khim. Zh. (4), 21 (1965); Chem. Abstr. 64, 8028 (1966). 
4A. Ibbotson and H. J. Twitchett, Brit. Pat. 984,084 (Feb. 24, 1965); Chem. Abstr. 62, 14510 (1965). 


280 11. O-Carbamates 


TABLE IV 


PREPARATION OF O-ALKYL CARBAMATES BY THE PROCESS OF PREPARATION 2-4 [12] 


Urea Cupric acetate Alcohol Temp. Time Yield product M_.p. 


(moles) (g) (moles) CC) (hr) (%) CC) 
Ethanol 
1.0 4.0 1.0 130 3 60 49 
n-Butanol 
1.0 2.0 1.1 118-160 4 71 52 


Methyl cellosolve* 
1.0 2.0 1.1 120-160 4 50 46.8 


“CH,OCH,CH,OH. 


below the melting point of urea so that the urea dissolves and does not settle 
as a molten layer. The solution is refluxed for 30 hr while ammonia escapes from 
the top of the condenser. The reaction mixture is distilled until the temperature 
reaches 150°C. On cooling, the residue solidifies and is then boiled with 1 liter 
of ligroin (b.p. 60°-90°C). The mixture is filtered. The remaining solids are 
refluxed with ligroin and then filtered. Approximately 12-18 gm (9-14%) of 
almost pure cyanuric acid is obtained from the ligroin-insoluble material. Dis- 
tillation of the combined dry ligroin filtrate up to 150°C affords a residue which 
on distillation at reduced pressure gives 266 gm (76%), b.p. 108°-109°C (14 
mm), m.p. 53°-54°C. 


2-4. Preparation of n-Butyl Carbamate [12] 


Oo O 
Cu(OAc}> 


H,NCNH, + n-C,H,OH —————> »-C,H,OLNH, + NH; (7) 

To a flask was added 60gm (1 mole) of urea, 100ml of n-butanol 

(1.1 mole), and 2.0 gm (1.01 mmole) of cupric acetate. The contents were 

heated to reflux (118°-160°C) for 4 hr until 99.5% of the theoretical amount 

of ammonia was evolved. After the reaction 83.2 gm (71%) of n-butyl 
carbamate was obtained having a melting point of 52°C. 


2-5. Preparation of n-Butyl Carbamate [13b] 


I DMF | 
H,NCNH, + n-C,H,OH agin iae” n-C,H,OCNH, + NH; (8) 
diamine 
To a flask were added 296.0gm (4.0mole) of n-butanol, 180.0 gin 
(3.0 mole) of urea, 180.0 gm (2.5 mole) of dimethylformamide, and 20. 4 gm 
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(0.19 mole) of triethylenediamine (diazobicyclo[2.2.2]octane). The contents 
were refluxed for 6 hr until the theoretical amount of ammonia was evolved. 
During the reflux period it was observed that only a small amount of 
ammonium carbamate formed in the condenser. The reaction mixture was 
distilled under reduced pressure to give 221.0 gm (64% yield) of product. 


B. Reactions of Alkyl Chloroformates with Ammonia 


The ammonolysis of alkyl chloroformates affords an excellent laboratory 
method for the preparation of carbamates [16-20]. However, since phosgene 
is involved in the preparation of the chloroformate ester, great caution must be 
exercised. It is mandatory that phosgene be used in a well-ventilated hood. 
Where possible, the urea—alcohol method of Section A should be used because 
of the more favorable weight relationship of urea compared to phosgene. 
Assuming 100% reaction, the weight relationships given in Eqs. (9), (10), and 
(11) would hold. 


Section B: 
CH;0H + COC, —— CH;0COCi+ HCl (9) 
32gm 99gm 94.5gm 36.5 gm 
CH,OCOCi+ 2NH; ——> CH;OCONH,+NH,CI_ (10) 
94.5 gm 34 gm 75 gm 53.5 gm 
Section A: 


CH;0H + NH,CONH2 ——> CH;OCONH; + NH3 el 1) 
32 gm 60 gm 75 gm 17 gm 


It should be noted that the method of Section A gives ammonia by-product 
which can be used to prepare more urea. However, Section B gives ammonium 
chloride, which requires costly conversion into free ammonia. 


2-6. Preparation of 2-Ethylbutyl Carbamate (19) 
C2Hs C.Hs 
CH3;CH2CHCH,OH + COCl, ——*» CH;CH,CHCH,OCOCI Balin 
C2Hs 
CH3;CH,CHCH,0CONH)2 (12) 


To a flask situated in a well-ventilated hood is added | liter of toluene. The 
toluene is cooled to 5°C with an ice bath and then phosgene is passed into it 
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until 200 gm (2.0 mole) has been absorbed. To this phosgene solution is added 
182 gm (1.8 mole) of 2-ethyl-l-butanol with rapid stirring. The reaction is 
exothermic and the temperature rises to 35°C while hydrogen chloride and 
some phosgene are evolved and passed through a potassium hydroxide trap. 
The reaction mixture is stirred for an additional 18 hr, then a dry nitrogen 
stream is passed through the solution for | hr in order to remove excess phos- 
gene. The solution is poured, with rapid stirring, into 400 ml of concentrated 
aqueous ammonia, cooled to 5°C. The toluene layer is separated, concentrated 
under reduced pressure, and cooled in an ice bath to precipitate 195 gm (75%), 
m.p. 81°C (corr.) of 2-ethylbutyl carbamate. 


Other carbamates such as ethyl-n-propyl, isopropyl, 3-butyl, isobutyl, sec- 
butyl, n-amyl, isoamyl, 2-methylbutyl, |-ethylpropyl, and 2-ethylhexyl carb- 
amate were prepared in a manner similar to that described here for 2-ethylbutyl 
carbamate in 55-76% yields [19]. Benzyl carbamate has also been reported to 
be prepared by this method in 91-94% yield [17]. 


2-7. Preparation of 3-Methyl-I-butynyl-3-carbamate [17b] 
C=CH 


quinoline NH3 


CR CUCHOHS COG: ay Sco are 


ether 
OH -—10°C 
aes 
Set Or NUs (13) 


To a vigorously stirred flask containing 70 gm (1.0 mole) of 1-butyne-3-ol 
and 99 gm (1.0 mole) of phosgene in 400 ml of ether at —10°C is added 
129 gm (1.0 mole) of quinoline dissolved in 140 ml of absolute ether over a 
4hr period. After allowing the mixture to stand for 16hr at —6°C the 
precipitated quinoline hydrochloride is filtered off by suction and the ether 
solution added dropwise to 750 ml of ether at —5°C while ammonis gas is 
passed through it. After the reaction is complete the mixture is transferred to 
a separatory funnel containing 100 ml of water and 2000 ml of ether. The 
aqueous ammonium chloride solution is separated and the ether layer 
washed several times with water, then several times with 10% sulfuric acid, 
and finally with water. The resulting ether solution is dried over sodium 
sulfate, concentrated at atmospheric pressure, and the residue distilled under 
reduced pressure to give 50 gm of product (49% yield), b.p. 108°-109°C 
(12 mm Hg), m.p. 48°-50°C. 

Tables V and VI give the preparation of several chloroformates and their 
conversion into carbamates with aqueous ammonia. 
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TABLE V’ 


PREPARATION OF CHLOROFORMATES AND CONVERSION INTO 
CARBAMATES UsING AQUEOUS AMMONIA 


ROCH,CH,OH + COC], > ROCH,CH,OCOC! + NH; —> 
ROCH,CH,OCOCI ROCH,CH,OCONH, 

Yield B.p., °C M.p. B.p., °C Yield 

R (%) (mm Hg) np (°C) (mmHg) np (%) 

CH; 93 58.7 (13) 1.4163 (25) 46.8 — — 13.3 
CH; 77 67.2 (14) 1.4169 (25) 62.2 — — 390 
CH;,(CH;); 91.-——-93.0-93.5 (14) 1.4241 (25) — 132.2-1324 — 63.5 

(2.5) 
(CsHs)29CH (72  87.0-87.5 (8.5) 1.4261 (25) — 133-134(2.5) — 63.5 


*Data taken from Porai-Koshits and Remizov [16]. 


C. Reactions of Sodium Cyanate with Alcohols in the Presence of Acids 


Werner [21] reported that ethanol reacted with an aqueous solution of 
sodium cyanate and hydrochloric acid to give a 56% yield of ethyl carbamate. 
Similar results were obtained with potassium cyanate [22, 23]. Tertiary alco- 
hols were reported earlier to react with potassium cyanate in acetic acid to give 
dehydration or rearrangement but no carbamate [24]. Marshall [25] and 
others [26,27] described a method whereby tertiary acetylenic alcohols 
reacting in situ generated cyanic acid from a mixture of anhydrous sodium 
cyanate in trichloroacetic acid (see Table VII). Loev [28a, b, c] re- 
ported that modifying Marshall’s procedure by using trifluoroacetic acid 
affords t-butyl carbamates in over 90% yields. The beneficial effect of 
trifluoroacetic acid does not appear to be solely related to increased acid 
strength as hydrochloric acid or methanesulfonic acid gives only traces of 
carbamate when used in place of trifluoroacetic acid under similar condi- 
tions. The role of trifluoroacetic acid in the mechanism of this reaction 
requires further investigation. When the reaction is run in benzene and 
methylene chloride, better yields are obtained than from similar reactions run 
in ether, tetrahydrofuran, or carbon tetrachloride. 

Surprisingly it was reported that when potassium cyanate is substituted for 
sodium cyanate the yields of carbamates are reduced to less than 5%. The 
reason for this drastic effect is not known at this time. In addition, the use of 
other alkali or alkaline metal cyanates in this reaction has not been 
investigated. The Loev [28a, b,c] procedure appears applicable to the 
synthesis of carbamates from primary, secondary, and tertiary alcohols (2 hr 
reaction time affords 60-90% yield), cyclic and acyclic 1,3-diols, phenols, 


TABLE VI 
PREPARATION OF O-ALKYL CARBAMATES BY THE REACTION OF AMMONIA WITH CHLOROFORMATES [17b] 


re) 
II Ether 
Alcohol Phosgene NH,CCl solvent Bp. -C 
(moles) (moles) (moles) (ml) Amine Product (mm) 
O CH, 
3-Methyl-1-pentyne-3-ol 0.43 250 H,N—COCC=OH 120-121 
0.43 (12 mm Hg) 
C,Hs (m.p. 56°- 58°C) 
O CH; 
3-Methyl-1-butyne-3-ol 0.75 250 Quinoline = H,NCOC—C=CH 111 
0.72 U.75 (12 mm) 
CH, (m.p. 108 C) 
NH; (34%) 
excess 
Oo 
ee UI C=CH 
1-Ethynylcyclohexanol-1 0.5 _ 150 Quinoline NH,C—O 108-110 
0.5 0.5 (3 mm) 
NH, (m.p. 94°-95°C) 
(53%) 
excess 
O CH; 
3-Methyl-1-Pentyne-3-ol 0.5 150 Quinoline = CH,NHCOC—-C==CH 111-112 
0.5 fF (14 mm) 
CH,NH, 3 (m.p. 53> 54°C) 
0.75 
9 
1-Butyne-3-ol 1.0 = 540 Quinoline = -H,NCOCH—C=CH 108-109 
1.0 10 i (12 mm) 
NH, : (m.p. 48° 50°C) 


EXCess 
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TABLE VII 


PREPARATION OF THE CARBAMATES OF 3-METHYL-1-PENTYNE-3-OL [25] 


Moles 
Alcohol O-Alkyi carbamate 
3-methyl-1- Solvent CCl,COOH = ——-——H—W—_—_ 
pentyne-3-ol KOCN NaOCN (ml) (moles) Yield(%) B.p. (°C) M.p. (°C) 
Dioxane 
0.4 0.4 _ 80 0.4 ~ 120-121 53.5~55 (from 
cyclohexane) 
0.8 _ 0.5 - 0.5 65 _ 52-53.5 (from 
cyclohexane 
and pet ether) 
22.0 _ 10 = 10 80 crude ~ 53-55 (from 
66 cyclohexane) 
recryst. 


oximes, aldoximes, and ketoximes, and primary, secondary, and tertiary 
mercaptans. Carbamates could not be obtained from diphenylethylcarbinol 
(dehydrated to 1,1-diphenylethylene) or trichloro- and trifluoromethylcar- 
binols. 

Although earlier investigators [24, 29, 30] reported that cyanic acid reacts 
with alcohols to give allophonates, Loev [28a, b,c] never detected any of 
these in his procedure. The only by-product was trifluoroacetamide, which 
did not present a difficulty because of its high solubility in water and organic 
solvents. 

Table VIII illustrates the production of carbamates by the reaction of 
sodium cyanate and alcohols in the presence of trifluoroacetic acid. 


2-8. Preparation of t-Butyl Carbamate [28a] 


i [? Oo 
CF3COOH 
Bear + NaOCN a CEO: (14) 
CH; CH; 


CAUTION: Use a hood. 


To a stirred mixture of 7.4 gm (0.1 mole) of ¢-buty! alcohol and 13.0 gm 
(0.2 mole) of sodium cyanate in 50 ml of benzene is slowly added 15.5 ml (0.21 
mole) of trifluoroacetic acid. The reaction is exothermic and some gas bubbles 
are formed. The reaction is stirred for 3 hr, then 15 ml of water is added, the 
organic layer separated, dried, the solvent removed under reduced pressure at 


TABLE VIII’ 


SYNTHESIS OF CARBAMATES VIA THE REACTION OF SODIUM CYANATE AND ALCOHOLS IN THE PRESENCE OF TRIFLUOROACETIC ACID 


Alcohol 


n-BuOH 
t-BuOH 


CH=C—CH,OH 
CsH;0OH 


OH 


Et,C—SH 


ise 


CF;COOH NaOCN 


(moles) (moles) 
0.21 0.20 
0.21 0.20 
0.21 0.20 
0.21 0.20 
0.21 0.20 
0.21 0.20 
0.21 0.20 
0.21 0.20 
0.21 0.20 


Solvent 
(ml) 
CeHe 

100 
100 
Ether 
100 
100 


Time 


(hr) 


48 


18 


Temp. Product 
CC) carbamate 
30 n-BuOCONH), 
30 t-BuOCONH), 
30 CH==C—CH,OCONH, 
30 CsH;O0CONH, 
OCONH, 
30 Mez Me2 
OCONH, 
30 n-BuSCONH) 
30 t-BuSCONH, 
1 
30 Et,C—SCONH) 
30 (_)-Nocont 


Yield M.p. Recryst. 
(%) (°C) solvent 
73 53-54 H,0 
92 107-108 Hexane 
60 47-50 Benzene 
62 145-148 H,0 
45 175-185 H,0 
65 98-100 Hexane 
50 92-95 Hexane 
25 45-47 Hexane 
90 94-96 H,0 


* Data taken from Loev and Kormendy [28a]. 


§ 2. Condensation Reactions 287 


a pot temperature of 40°-50°C;; the resulting residue solidifies to afford 10.7 gm 
(92%), m.p. 98°-101°C. Recrystallization of the entire product from water 
affords 8 gm (69%), m.p. 107°-108°C. 

Cyanuric acid (HOCN) has been reported to be generated by reaction with 
sodium cyanate and trichloroacetic acid and then bubbled into aromatic 
alcohols (HOXPh) dissolved in trichloroacetic acid to give carbamates in 
87% yield [28d]. 


D. Transesterification of Carbamates 


Carbamates have been prepared by heating ethyl carbamate with a higher- 
boiling alcohol in the presence or absence of catalysts (31-33]. Aluminum iso- 
propoxide has been reported [34] to be an excellent catalyst for the interchange 
reaction between ethyl carbamate and benzyl alcohol. The interchange reac- 
tion is also effective for N-alkyl carbamates as well as unsubstituted carb- 
amates [35]. This catalyst is effective in preparing mono- and dicarbamates in 
excellent yields from primary and secondary alcohols and diols. Other effec- 
tive catalysts are: dibutyltin dilaurate [36], dibutyltin oxide [37], sulfuric acid 
or p-toluenesulfonic acid [31], and sodium metal (reacts with alcohols to give 
the alkoxide catalyst) (33]. 

Examples of the transesterification reaction of ethyl carbamates and alco- 
hols are given in Table IX. 


TABLE 1X? 


TRANSESTERIFICATION REACTION OF ETHYL CARBAMATES 
AND ALCOHOLS 


Mole ratio of 


ethyl carbamate/ Temp. Time Yield M.p. 
Alcohol alcohol Catalyst (CC) (hr) (%) CC) 
Isobutyl 1/6 Oo 110-120 103 —_ —_ 
1/6 H,SO,° 110-120 19 87(56)® 63-64 
1/6 (n-Bu)3N 110-120 8 — —_— 
sec-Butyl 1/6 H,SO, 105-110 16 37 92-93 
t-Butyl 1/6 H,SO, 85-90 — _ _ 
Benzy! 1/1.5 oO 190-230 19 70 (53)® 85-86 
1/1.5 H.SO, 145-240 5 9 82-84 
1/1¢ Al (iso-PrO); 130-1407 5-10 86 86-87 


* Data taken from Gaylord and Sroog [31] except where noted. 

’ Recrystallized product. 

* Data from Kraft [34]. 

¢ Bath temperature. 

© Approximately 2 ml concentrated H2SO,/0.5 mole ethyl carbamate used. 
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Tertiary alcohols and phenols do not undergo the transesterification reaction 
of carbamates with acidic or basic catalysts [38]. 


2-9. Preparation of Benzyl Carbamate [34] 


pee en + Cs5H;CH2OH as een, + C,H;OH el 5) 

To a 250 ml three-necked flask equipped with a thermometer and a 20 cm 
distillation column filled with glass beads are added 44.5 gm (0.5 mole) of 
ethyl carbamate, 54.1 gm (0.5 mole) of benzyl alcohol, and 60 ml of toluene. 
The reaction flask is heated with an oil bath at 110°-125°C in order to remove 
any water in the reagents. The bath is cooled to 100°C, and 2.0 gm (0.01 mole) 
of aluminum isopropoxide is added all at once. The reaction is heated with the 
oil bath set at 130°-140°C in order to remove about 50 ml of the ethanol- 
toluene azeotrope at 77°C. The residue is recrystallized from toluene to yield 
64.5 gm (85.5%), m.p. 86°-87°C. 


NOTE: Substituting sodium methoxide for aluminum isopropoxide gave 
poor yields. 


3. MISCELLANEOUS METHODS 


(1) Ammonolysis of diethyl carbonate to ethyl carbamate [39]. 

(2) Preparation of tertiary alkyl esters of carbamic acid by the ammono- 
lysis of mixed phenyl alkyl carbonates to yield alkyl carbamate and phenol 
[24, 40, 41]. 

(3) Reaction of urea and ethylene oxide to give aminoethyl carbamates [42]. 

(4) Reaction of carbamoyl chloride (NH,COCI) with alcohols to yield 
carbamates [43]. 

(5) Reaction of alkyl oxamates with bromine and sodium ethoxide [44]. 

(6) Reaction of silver carbamate with alkyl halides [45]. 

(7) Hydrolysis of cyanates [46]. 

(8) Reaction of polyvinyl alcohol with urea to give polyvinyl carbamates 
{11, 47, 48]. 

(9) Preparation of mixtures of O-alkyl carbamates and dialkyl imidocar- 
bonates by the reaction of alcohols with cyanogen and water in the presence 
of dipolar, aprotic solvents such as acetonitrile and an acid catalyst such as 
hydrochloric acid [49]. 

(10) Preparation of O-alkyl carbamates by the acid-catalyzed reaction of 
cyanogen chloride with aliphatic alcohols [50]. 
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(11) Preparation of O-alkyl carbamates by the reaction of thiocyanogen 
trichloride with alcohols [51]. 
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CHAPTER 12 / IMINES 


1, INTRODUCTION 


This chapter is concerned with compounds containing the structure 
RR’C==NR”. These compounds are known as imines, azomethines, anils, or, 
more commonly, Schiff bases [1]. 

A wide variety of compounds having the primary amino group condense with 
carbonyl compounds to give SC=N— compounds by the elimination of 
water. The latter reactions are usually acid catalyzed because protonation of 
the carbonyl group enhances its reactivity toward nucleophilic attack by the 
amino group on the carbonyl carbon atom (Eq. 1). 


\ ae 
=O +H,N—R’ —— Dc + H,O (1) 
R’ R’ 
R = alkyl, aryl, H: R’ = alkyl or ary] 
Oo 
R’ = alkyl, aryl, —NH,, —NH—alkyl, <aNae OH, H 


It will be noted that compounds in which R’ is —NH, or —NH alkyl are 
hydrazones. When R’ is OH, the product is an oxime. Such compounds are 
treated elsewhere in this work. To do otherwise would only lead to confusion. 
Unsaturated heterocyclic compounds, such as isoquinoline, which do have 

R 


the —C—=N— feature, ketenimines, C=C=N—R, semicarbazones, 
R’ 


azines, and carbodiimides, are also not considered in this chapter. Since the 
structure me CH, is frequently termed an ethylenimine derivative, 


NH 
these compounds are briefly discussed here [2]. 
In addition to the reaction of amino groups with carbonyl compounds, 
another useful method for the preparation of imines employs the reduction or 
condensation of nitriles with other reagents (Eq. 2). 
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I. Na 1, R/MgX 
— 


R—-C=NH <~™*@— RCN R’C=NH 
2. H20 2. HClor 
CH,CN oH = =-NH R 

(H) 

OH 
RCH=NH 
OH 

HO. C—R (2) 

NH-HCI 


It is interesting to note that several long-chain dipolar Schiff bases have 
physical properties which impart to them liquid crystal behavior [3, 4]. Most 
of these imines are disubstituted N-benzylideneanilines (structure !) which 


(1) 


allow themselves to be arranged in a parallel orientation with each other in the 
liquid melt, giving smectic and nematic mesomorphic states before reaching 
the melting point or isotropic liquid state. Thus the melting-point range of 
many of these types of compounds are broad, as seen in Table XI, owing to the 
appearance of these mesomorphic transition states. As a result of the con- 
tinuing interest in liquid crystal behavior, many types of Schiff bases have 
been prepared [4]. 


TABLE I 


NOMENCLATURE USED TO DESCRIBE THE VARIOUS IMINES OF STRUCTURE RR’'C=NR"” 


Name Source Substituents 
Imine Chemical Abstracts R’” = hydrogen (H) 
Amine” Chemical Abstracts R” = alkyl (R) or aryl (Ar) group 
Aldimine Common usage R=RorAr;R’=H 
Ketimine Common usage R, R’=RorAr 
Schiff base Common usage R= Ar; R’=H;R”=RorAr 
Anils Common usage R, R’=R, Ar, H; R’=pheny] or substituted phenyl 


“ That is, “ylideneamine” systems. 

General review articles on the chemistry of imines are by Sprung [7] and by Layer [8]. A 
review of papers by Hine and co-workers will be of interest for their study of the internal acid 
catalysis of imine formation on reaction of acetone and other carbonyl compounds with N,N- 
dialkyl diamines [9]. 

The geometric isomerism of imines is a subject of some controversy. Layer [8] stated that 
both E and Z forms are possible but that there may be rapid interconversion between the 
isomers. On the other hand, Karabatsos has indicated that in the case of aldimines, only the E 
isomer formed [10]. Upon dehalogenation of N-chloro-N-fluoroalkylamines such as 
CF,CF,NCIF with mercury, N-fluoroimines such as CF ,CF=NF form only in the Z form [11]. 
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Imine derivatives have long found great use in analytical chemistry and are 
now being actively investigated in the medicinal and polymer chemistry areas. 

The nomenclature of imines is highly variable. For example, one recent 
article identified a compound as (3-methoxy-3-methyl-2-butylidene)isopro- 
pylamine, i.e. an -ylideneamine system [5]. Another recent article in the same 
journal talks of compounds such as cinnamaldehyde N-isopropylimine—an 
aldehyde-imine system [6]. The “ylideneamine” system is probably the most 
systematic one, although the synthetic chemist would probably opt for the 
latter method, which shows the carbonyl compound and the amine from 
which the Schiff base may be prepared. Table I lists various nomenclature 
systems found in the literature. 

Examples of some representative substituted imines are shown in Tables II 
through IX along with references to their preparations. Other compounds are 
discussed in greater detail below. 


TABLE II? 
ALK YL—CH==N—ALKYL 


B.p., °C Yield 
Compound (mm Hg) (%) Ref. 
CH,CH=NCH; 27 55 a 
CH;CH=-NC,H; 48 77 7 
CH;CH=NCG3H; 74 69 - 
CH,CH=NCG3H;-i 59 69 a 
CH3CH==NCy4Hg 102 70 
CHCH=N( ) 54 (18) 76 ‘ 
CH;CH=NCH,C,H; 94 (21) 18 a 
CH3;CH,CH=NCH; 53 77 . 
CH;CH,CH=NC,H; 14 81 a 
CH;,CH,CH=NC3H;, 101 78 , 
CH3;CH2CH=NC,Heo-sec 111 75 * 
CH3CH2CH=NC,4Ho-i 144 78 - 
CH3;CH2,CH=NCH,CH=CH, 102 48 _ 
CH3;CH2CH2CH=NCH; 81 76 * 
CH3;CH2CH2CH=NC2Hs 102 84 7 
CH3CH2,CH2CH=NC3H;, 125 78 ¢ 
CH3CH2CH2,CH=NC3H;-i 112 82 - 
CH3CH2,CH2CH=NC4Ho-i 166 74 Z 
CH;CH2CH2CH==NCH,CH=CH >? 128 66 s 
CH;CH,CH,CH=NCH,C,Hs 101 (16) 40 _ 
CH3;CH2CH,CH=NC(CH3)2C(CH3)3 60 (2.5) 93 £ 
(CH3),>CHCH=NCH, 70 82 a 
(CH3),>CHCH=NC)H, 90 80 a 
(CH3),CHCH=NCG3H, 115 77 a 
(CH3),CHCH=NC,Ho-sec 124 79 a 


(continued) 
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TABLE II (continued) 


B.p., °C Yield 
Compound (mm Hg) (%) Ref. 
(CHy);CHCH—=N(_) 82 (26) 87 ‘ 
(CH3)»>CHCH=NCH)C,Hs 105 (15) 85 7 
(CH3).CHCH=NCH,CH=CH) 117 82 a 
(CH3)2CHCH,CH=:NC3H;, 130-139 64 cf 
(CH3)2CHCH,CH=NC,Hy 93 (100) 67 a 
CsH;;CH=NCH; 160 66 bi 
CsHi3CH==NC,H; 175 70 a 
CsH13CH=NC3H, 195 66 4 
CsH13;3CH=NCH,CH=CH, 86 (20) 61 e 
C;H;s;CH=NC>H; 89 (20) 60 ? 
CsgH17;CH==NCH; 94 (22) 2 
CyHigCH=NCH3 103 (15) 60 2 
CH;CH==CHCH=NCH; 114 24 4 
CH;CH=CHCH==NC3H, 137 23 a 
CH;CH=CHCH=NCG3H;-i 128 65 ¢ 
CH;CH=CHCH=NCH,CH=CH, 140 32 : 
cH;cH=cHcH=NC_) 64-77 (4) 29 — 
CH;CH=CHCH=NC(CH;),C(CH3)3 108-111 89 ® 
CH;CH,CH,CH=C(C,H;)CH=NC(CH3).C(CH3)3 141-148 (17) — ss 
(CH3)3CCH,CH(CH3)CH,»,CH=NC(CH3)2C(CH3)3 90-94 (0.2) 82 
(CH,;CH,CH,C(CH3))N=CH,—], 90 (1) — 4 
([CsH;C(CH3).N==CH.—]) 180-200 (1) — e 
((CH3);CN==CH)—], 90-100 (25) — e 
(CH3),>CCH==NCH,C(CH3)3 90 (104) 68 e 


*R. Tiollais, Bull. Soc. Chim. Fr. 708 (1947). 

>’ M. D. Hurwitz, U.S. Pat. 2,582,128; Chem. Abstr. 46, 8146 (1952). 

¢H. S. Mosher and E. J. Blanz, Jr., J. Org. Chem. 22, 445 (1957). 

4 Reprinted from R. W. Layer, Chem. Rev. 63, 4891 (1963). (Copyright 1963 by the Ameri- 
can Chemical Society. Reprinted by permission of the copyright owner.) 


2. CONDENSATION REACTIONS 


A. Condensation of Amines with Carbonyl Compounds 


Aliphatic and aromatic aldehydes condense with aliphatic and aromatic 
primary amines to form N-substituted imines. Reaction conditions vary 
widely, such as passing a gaseous amine through a melt of a solid ketone [12, 
13]; reaction of amines with aldehydes without solvent or catalyst [14]; 
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TABLE III* 
(ALKYL).—C==N—ALKYL 


B.p., °C Yield 
Compound (mm Hg) (%) Ref. 
(CH3)2.C=NC3H7 107 84 i 
(CH;),C=NCH,CH=CH; 113 7m 
(CH3);C==NC4Hp-sec 116 97 ‘ 
(CH3);C-=NCH,CH(CH}); 122 85 a 
(CH;),C=N => 181 95 ‘ 
CH;CH,(CH3)C—=NC;3H;, 129 96 ? 
CH;CH2(CH;)C—NCH,CH=CH, 135 86 . 
CH;CH2(CH3)C—NC,Ho-sec 134 86 . 
(CH;),CHCH,(CH;)C==NC3H, 163 88 ‘ 
(CH;),CHCH,(CH;)C-=NCH;CH=CH, 110 (100) 99 ‘ 
(CH3)2CHCH,(CH3)C—=NC,Ho-sec 109 96 oe 
(CH;)sCHCH(CH;)C=NC4Ho-i 175 96 ‘ 
[(CH3);CHCH,],C=NC3H, 134 (100) 81 « 
[(CH;)»CHCH,],C=NC3H;-i 126 (100) 62 « 
((CH3),CHCH.],C—NC,Ho-sec 145 (100) 715 a 
CH;CH,CH,(CH;)C—=NCH(CH;3)CH,CH(CH;), 110 (50) — P 
CH;CH,CH,CH,CH,(CH;)C==NCH,CH,OH 88 (6.5) — - 
[(CH;)sCHCH,],C—=NCH,CH,OH 93 (60) = > 


(_ )aNcH:cH.OH 109 (50) = > 


“K. Langheld, Chem. Ber. 42, 2360 (1909). ; 

>V. E. Haury, U.S. Pat. 2,421,937; Chem. Abstr. 41, 5892 (1947). 

© Reprinted from R. W. Layer, Chem. Rev. 63, 489 (1963). (Copyright 1963 by the 
American Chemical Society. Reprinted by permission of the copyright owner.) 


azeotropic removal of water in a low-boiling solvent in the preparation of 
some aldimines [15]; treatment of aldehydes with amines in solvents such as 
ether, tetrahydrofuran, or benzene in the presence of a molecular sieve [6, 
16-19]; reaction of aqueous amines with ketones [20]; reactions catalyzed by 
potassium or sodium hydroxide solutions at low temperatures [15, 21-24]; 
reactions in the presence of base under heat and pressure [15]; dehydrations 
in the presence of acidic reagents such as p-toluenesulfonic acid [25, 26]; 
methanesulfonic acid [15], or titanium tetrachloride [15, 27, 5]. In the case of 
systems where subsequent cyclization might take place between an imino 
function and other parts of the molecule, the use of a cationic or an anionic 
surfactant, in a nonaqueous system, is said to reduce intramolecular cycliza- 
tion and enhance the rate of reaction [28]. Aldehydes react with silazanes in 
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TABLE IV® 
ARYL —CH==N —AryYL? 


B.p., °C M.p. 


Compound (mm Hg) (°C) 
Ce6HsCH=NC¢Hs — 52 
CsHsCH=NC.H4CH3;-p => 33-35 
CsHsCH=NC,H,Cl-p — 56-58 
CsHsCH=NC,H4Br-p —_— 66-67 
Ce6HsCH=NC,¢H,Cl-o 325 (775) — 
CesHsCH=NC,H4CH3-m 315 (775) = 
Ce6H;CH=NC,H,CH3-o 307 (775) — 
o-HOCsH4,CH=NC,H,Br-p — 112 
p-CH,0CsH,CH=NC,H,OCH;-p ai 142 
p-CICs5H4,CH=NCgHs = 66 
p-HOCsH4CH=NCgHs = 51 
(CH3)3;CgH2CH=NC,gH; a 56 
(CH3)3C5H2,CH==NC,H,Cl-p = 74 
p-ClCs5HsCH=NC,H,Cl-p aes 111 
o-CICgsHsCH=NC,H,Cl-p a 68 
m-NO2C6H,CH=NC¢H,Cl-p _ 84 
p-NO,CsH,CH==NC,H,Cl-p = 128 


2A. Hantzsch, Chem. Ber. 34, 822 (1901). 

> Reprinted from R. W. Layer, Chem. Rev. 63, 489 (1963). (Copy- 
right 1963 by the American Chemical Society. Reprinted by permis- 
sion of the copyright owner.) 


the presence of a ruthenium catalyst to form imines. Ketones, under similar 
conditions, yield enamines [29] (cf. Eqs. 3 and 4). 


oO 
Ya ; Ru3(CO)2 
oa NHSiCH,),. = 
a 


( \-cu-n{_Y + [(CH;);Si],0 (3) 
Oo 
ll : Ru3(CO)12 
CH,—CCH,CH,CH; + NHSi(CH3);_ Top 7 


CH,C=CHCH,CH; + [(CH;)3Si],0 (4) 


wl) 
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TABLE V4 
RR‘C=NH (R, R’ = ALKYL or ARYL) 


Compound B.p., °C M.p. Yield 
R R’ (mm Hg) (°C) (%) Ref. 
2-Cyclohexylethy| sec-Buty! 101 (2) — 56 2 
2-Cyclohexylpropy] sec-Butyl 107 (1) — 43 ¢ 
2-Cyclohexylbutyl sec-Butyl 121 (1) — 45 ¢ 
2-Cyclohexylpentyl sec-Butyl 130 (1) -- 60 e 
m-Tolyl Isopropyl 227 (740) — — 7 
p-Tolyl Isopropyl 228 (740) — — b 
o-Tolyl t-Butyl 235 (740) — — p 
m-Tolyl t-Butyl 238 (740) — — ? 
p-Tolyl t-Butyl 235 (740) — — p 
Phenyl! Ethyl 101 (13) — — e 
Phenyl Propyl 99 (8) — — c 
Phenyl Isobutyl 113 (12) —. _ e 
Phenyl! Cyclohexyl 136 (5) — — é 
Phenyl Phenyl 127 (3) — _ e 
Phenyl o-Tolyl 136 (4) — — f 
Pheny! p-Tolyl 147 (5) 37 — - 
Phenyl a-Naphthyl 182 (4) 68-69 — 7 


“Pp. L. Pickard and T. L. Talbert, J. Org. Chem. 26, 4886 (1961). 

>P._L. Pickard and G. W. Polly, J. Amer. Chem. Soc. 76, 5169 (1954). 

¢C. Moureau and G. Mignonac, C. R. Acad. Sci. Paris 156, 1801 (1913). 

4 Reprinted from R. W. Layer, Chem. Rev. 63, 489 (1963). (Copyright 1963 by the American 
Chemical Society. Reprinted by permission of the copyright owner.) 


TABLE VI? 
ALKYL—CH=N—AryL’ 


Compound M.p. (°C) 
CH3;CH2CH=NC,Hs 103.4 
(CH3)2CH=NCgH; 140 
CH3CH2CH2CH,;,CH=NC,¢H; 97 


(CH3),CHCH,CH=NC,H,CH3-p 99 


4W. Miller and J. Plochl, Chem. Ber. 25, 2020 (1892). 

> Reprinted from R. W. Layer, Chem. Rev. 63, 489 (1963). 
(Copyright 1963 by the American Chemical Society. Re- 
printed by permission of the copyright owner.) 
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TABLE VII’ 


Cyc Lic ALIPHATIC KETONE ANILS* 


B.p., °C M.p. 
Compound (mm Hg) CC 
Cyclohexanone anil 140 (19) _ 
Methone anil 160 (12) —_ 
Dihydrocarvone anil 170 (15) — 
Pulegone anil 142 (12) a 
Carvone anil 181 (17) — 
Camphor anil —_ 13.5 
2-Cyclohexylidene cyclohexanone anil 210 (14) — 
Methone cyclohexanone (p-toluidine) 178 (16) — 

Methone cyclohexanone (p-anisidine) _— 62.0 


* A. Rahman and M. O. Farooq, Rec. Trav. Chim. 73, 423 (1954). 

» Reprinted from R. W. Layer, Chem. Rev. 63, 489 (1963). (Copyright 
1963 by the American Chemical Society. Reprinted by permission of the 
copyright owner.) 


TABLE VIII? 
(ALKYL)(ALKYL oR ARYL)—C—=N—ARYL 


B.p., °C M.p. Yield 
Compound (mm Hg) (°C) (%) Ref. 
(CH3)2C—=NCgHs 86 (13) 23.5 — a 
(C2H5)2C—NC.H 5 117 (25) —_— 75 sd 
(C3H7)2C—=NCeHs 130 (17) —_ 76 e 
(C3H7)2C—=NC,H,CH3-0 140 (18) —_ 84 p 
(C3H7)2C—=NC,H,CH;3-m 144 (20) — 714 b 
(C3H7)2C—=NC,.H4CH3-p 144 (17) —_ 63 , 
CyHi9(CH3)C—=NCeHs 206 (24) —_ 60 : 
(anc 157 (30) — 65 » 
C.Hs(CH3)C=NCeHs 175 (13) _ — ‘ 
C.Hs(CH3)C—CHC(C.Hs)=NC,Hs 250 (13) 98-99 _ 
(Cg6Hs)2C—=NCeHs 113 — ° 
(C6Hs)2C—=NC,H,4CH3-p 225 (15) a = S 
(C6H5)2C—=NC j9H7-« 138 _ 4 
CeHsC(a-Cy9H7)=NCoHs 94 _— . 


@ M. Sekiya and T. Fujita, J. Pharm. Soc. Jap. 71, 941 (1951); Chem. Abstr. 46, 3983 (1952). 

’ J. Hoch, C.R. Acad. Sci. Paris 199, 1428 (1934). 

° G. Reddelein, Chem. Ber. 46, 2172, 2718 (1913). 

4 Reprinted from R. W. Layer, Chem. Rev. 63, 489 (1963). (Copyright 1963 by the American 
Chemical Society. Reprinted by permission of the copyright owner.) 
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In general, aliphatic imines (C5~C,9) are obtained in good yield by 
acid-catalyzed azeotropic dehydration. However, they are unstable and must 
be used directly after their distillation [4]. 

Tertiary aliphatic and aromatic aldehydes at room temperature react 
readily and nearly quantitatively with amines to give the imines without the 
aid of catalysts [1]. Primary aliphatic aldehydes tend to give polymeric 
materials with amines as a result of the ease of their aldol condensation [8]. 
The use of low temperatures and potassium hydroxide favors the formation 
of the imine product [21, 22]. Secondary aliphatic aldehydes readily form 
imines with amines with little or no side reaction [30]. 

Schiff bases from substituted and unsubstituted benzaldehyde and ali- 
phatic or aromatic amines are stable [14, 31-36]. Benzaldehyde with 
substituents such as nitro, dialkylamino, hydroxyl, methoxyl, or halo have 
been used [31, 33]. 

Preparation 2-1 is an example of the preparation of a ketimine from a 
gaseous amine and a molten ketone without catalyst or solvent. 


2-1. Preparation of Benzophenone N-methylimine [12, 13] 


(@) 

II 180°~-185°C 

Cc ECWNHy +H,0 (5) 
N 
| 


CH, 


In a well-ventilated hood, in a suitable reaction vessel 66.5 gm (0.35 mole) 
of benzophenone is melted and heated to 180°-185°C. A stream of methyl- 
amine is passed through the melt for about 10 hr. The reaction is considered 
over when the evolution of water has stopped. The oily flask residue is 
allowed to cool and dissolved in ether. The ether solution is then extracted 
with several portions of ice-cold 2 N hydrochloric acid. Each portion of the 
acid extract is made alkaline as quickly as possible with 40 % aqueous sodium 
hydroxide. The product oil is extracted with ether. The ether solution is dried 
over anhydrous phosphorus pentoxide, filtered, and freed of solvent on a 
rotary evaporator. The pure imine is finally distilled under reduced pressure 
at 126°-128°C/2.5 mm. Yield: 55.3 gm (82%). 

By a similar procedure 4-methylbenzophenone was reacted with methyl- 
amine. Yield: 68%; b.p. 140°-142°C/2.4 mm. 

The preparation of benzalaniline is an example of an aldimine preparation 
without any catalyst and without extraneous solvents. 
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2-2. Preparation of Benzalaniline ( Benzylideneaniline) [14] 
CsH;CH=O + CsHsNH2 ——> C,Hs;CH=N—C,H; + H20 (6) 


To a 500 ml, three-necked fiask containing 106 gm (1.0 mole) of benzalde- 
hyde is added 93 gm (1.0 mole) of aniline while stirring rapidly. The exothermic 
reaction starts immediately as water begins to separate. After 15 min the mix- 
ture is poured into a beaker containing 165 ml of vigorously stirred 95 % etha- 
nol. Crystallization begins in about 5 min, and after 10 min the mixture is 
placed in an ice bath for 4 hr. The semisolid is filtered by suction and air-dried 
to yield 152-158 gm (84-87 %) of benzalaniline, m.p. 52°C. From concentrating 
the filtrate under reduced pressure an additional 10 gm, m.p. 51°C, is obtained. 
Further recrystallization may be made from 95% ethanol. 

Weingarten et al. [15] outlined five methods of preparing ketimines. 
According to these authors, with increasing complexities of the ketones and 
amines, increasingly more vigorous reaction conditions are required. Table 
IX lists the structures and synthetic methods used. Some of these procedures 
will be illustrated below. 


TABLE IX 
PREPARATION OF KETIMINES OF INCREASING COMPLEXITY” 
R2 
f 
en 
R! 
Yields C==N/ Bp (mm). 
R! R? R Method’ (%) C=0O# °C n2* 
H H CH; A 80 70-74 (35) 1.4772° 
H H (CH,),CH A 80 70-74 (28) 1.4615 
CH; H CH; A <205 72-74 (25) 
CH; CH; H B 55f 0.78 61-65 (10) 
CH; CH; CH; B . 0.71 61-70 (10) 
CH; CH; C,H, B <10% 0.26 61-70 (10) 
(CH3)2C cis-CH, H B 50 0.48 93-94 (12) 1.4694 
trans-CH3 

CH; H CH,=—CHCH, Cc 74 76-78 (10) 1.4796 
CH; H (CH;),CH Cc 30 1.42 59-60 (8) 1.4564 
C,H; H CH,=CHCH, Cc 66 2.6 88-91 (10) 1.4795 
CH; CH; CH,=CHCH, Cc < 30% 0.27 75 (10) 
H H CH,0OCH,CH, D 60 72-75 (3) 1.4741 
CH; H CH,0CH,CH, D 79 3.6 98-100 (15) 1.4672 
C,H; H CH30CH,CH, D 69 113 (13) 1.4684 
(CH3)2CH H CH30CH,CH, D 79 6.0 112-114 (10) 1.4690 
CH; CH; CH;0CH,CH, D 47 2.6 95 96 (10) 1.4666 
CH; H’ C,H, E 53 5.4 81 (14) 1.4642 
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Yield’ C=N/ Bp (mm). 


R! R? R Method’ (%) C=O °C nz 
(CH,),Cc H CH, E 56 4.5 :94-97(12) 1.4665 
CH, CH, (CH,),CH E* 79 135 65-71(10) 1.4554 
(CH,);C H CH,OCH,CH, E* 61 30 59-61(1) 1.4680 
(CH,);C  cisCH, CH, E* 10 10 95(15) 1.4702 

trans-CH, 
(CH,),CH (CH,),CH CH,=CHCH, E 70 38  133-134(14) 1.4763 
CH, 

NCH, 
53: CH E 28 92 (15) 1.4935 
3,4- CH, 

NCH(CH 
ae 67 98 (17) 1.4690 


* Table [X is reprinted in part with permission from J. P. Chupp and W. White, J. Org. Chem. 32, 
3246 (1967). Copyright 1967 by The American Chemical Society. 

> Method A, dehydration in the presence of 85°% KOH; method B, reaction under pressure with 
KOH pellets; method C, azeotropic dehydration with pentane; method D, azeotropic dehydration 
with benzene, catalyzed by methylsulfonic acid; method E, reaction in the presence of TiCl,. 

© Unless otherwise indicated, yield represents conversion to pure distilled imine, based on ketone 
charged. 

4 Absorption intensities measured by infrared at about 5.9-6.2 and 5.8-6.1 , respectively. Although 
differing in magnitude, the molar absorption intensities of the cyclohexanones at these wavelengths 
are approximately two times those of imines. 

¢R. N. Blomberg and W. F. Bruce [U‘S. Patents 2,700,681 and 2,700,682 (1955)] give nZ° 1.4747. 

J Product contained appreciable ketone on distillation and no attempt was made to obtain pure 
imine. Yield estimated from infrared, NMR, or vapor phase chromatography. 

§ Starting ketone is 2,3-dimethylcyclohexanone. 

* Method B gave no imine. 

i Method D gave no imine. 

4 Method A gave no imine. 


2-3. Preparation of N-Allyl-2-ethylcyclohexylideneamine [15] 


pentane 


O + CH,=CH—CH,—NH, — 
—~Fi2 


N—CH,CH=CH, + H,0 
CoH; C2Hs 
(7) 


In a hood in a 500 ml Erlenmeyer flask fitted with a Dean-Stark trap 
topped with a condenser and a magnetic stirrer, 37 gm (0.3 mole) of 2- 
ethylcyclohexanone is mixed with 50 ml of allylamine and 200 ml of pentane. 
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The mixture is heated with stirring for several hours to remove water by 
azeotropic distillation. When the water evolution has stopped, the pentane is 
distilled off and the residual imine is distilled at 88°-91°C/10 mm. Yield: 
32.9 gm. Instead of pentane, 2-methylbutane has also been used in this 
method. 

The removal of water formed during the synthesis of imines may be 
accomplished with a molecular sieve. Preparation 2-4 illustrates the method. 


2-4. Preparation of N-(5-Methyl-5-hexenylidene) benzylamine [17] 


fe) 
a 
ano + CH,NH, ———> 
CH; H 
cr=c—cH),—cu=n—cu,-{ +H,O (8) 


CH, 


A solution of 0.55 gm (4.9 mmole) of 5-methyl-5-hexenal and 0.5 gm 
(4.7 mmole) of benzylamine in 20 ml of benzene is treated with 10 gm of 4-A 
molecular sieve for thr. (CAUTION: Benzene is carcinogenic. Toluene 
should be evaluated as a replacement.) The solvent is then removed under 
reduced pressure, leaving 1 gm of crude imine. Infrared (benzene) voy 1680 
cm}, 

Other imines prepared by similar procedures are those formed by reaction 
of (+)-(R)-citronellal and benzylamine, with (—)-(S)-«-phenylethylamine 
[17]. 

In THF, 2-pyridinecarboxaldehyde has been reacted with a number of 
branched primary amines with 5-A molecular sieves in excellent yields [18]. 

An example of an imine synthesis using potassium hydroxide is Prepara- 
tion 2-5. 


2-5. Preparation of Butyledinepropylamine [22] 
CH3;CH2CH,NH); + CH;CH2CH,CH=O _ 
CH;CH,CH,CH==N—C3H; + H,0 (9) 
To an ice-cooled, 250 ml, three-necked, round-bottomed flask equipped 
with reflux condenser, stirrer, and dropping funnel is added 23.6 gm (0.4 mole) 
of n-propylamine. Butyraldehyde (28.8 gm, 0.4 mole) is added dropwise at 


0°C over a period of 2 hr. After the addition, 15 min is allowed to elapse and 
potassium hydroxide flakes are added. In about 10 min two layers appear and 
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the organic layer is separated. The organic layer is added to a flask containing 
some crushed potassium hydroxide flakes and is placed in the refrigerator fora 
few hours. The dried material is distilled to yield 31.6 gm (70%), b.p. 120°- 
124°C, n2° 1.4149. 

The physical constants of several other imines prepared by a similar 
procedure are shown in Table X. The aldimines listed in the table can be 
obtained only if certain precautions are strictly observed [22]. The method of 
Emerson et al. [38] could not be extended satisfactorily and the method 
described in Preparation 2-5 is a modification of the one described by 
Chancel [39] for propylidenepropylamine. The reaction is best carried out by 
adding the aldehyde to the amine, without a solvent, at 0°C. When the order 
of addition is reversed, the yields are much lower. Potassium hydroxide is 
added at the end in order to remove the water formed during the reaction. 
The use of other drying agents such as potassium carbonate or magnesium 
sulfate failed to yield aldimines on distillation. The aldimines should always 
be distilled from fresh potassium hydroxide to yield water-white products. 


TABLE X 


PuysICAL CONSTANTS OF SEVERAL ALDIMINES PREPARED BY PROCEDURE 2-5 


Yield 
Aldimine (%) B.p.* (°C) nie d?° 
Ethylidenepropylamine? 72 74-81 1.4006 0.7342 
Ethylidenebutylamine 83 98-106 1.4098 0.7513 
Propylideneethylamine* 70 70-76 1.4004 0.7353 
Propylidenebutylamine 78 118-127 1.4153 0.7601 
Butylideneethylamine 52 100-108 1.4082 0.7558 
Butylidenepropylamine 70 120-124 1.4149 0.7611 
Butylideneisopropylamine 64 100-111 1.4063 0.7436 
Butylidenecyclohexylamine* 60 78-88 (20 mm) 1.4564 0.8475 
Isobutylidenepropylamine?® 76 108-114 1.4087 0.7456 
Isoamylidenepropylamine 64 130-139 1.4170 0.7615 
Isoamylidenebutylamine 67 90-96 (100 mm) 1.4217 0.7687 


* The boiling range given is that of the usable fractions; the bulk of the material in each 
case boiled over a much narrower range. 

*L. Henry, C.R. Acad. Sci. Paris, 120, 837 (1895), reported the following boiling points: 
ethylidenepropylamine, 75°-77°C; propylidene-ethylamine 75°-78°C, butylidenepropyl- 
amine, 117°-118°C. 

° A. Skita and G. Pfeil, Ann. Chem. 485, 152 (1931), obtained a boiling point of 85°-87°C 
(16 mm Hg) for butylidene-cyclohexylamine. 

¢ Reprinted from K. N. Campbell, A. H. Sommers, and B. K.. Campbell, J. Amer. Chem. 
Soc. 66, 82 (1944). (Copyright 1944 by the American Chemical Society. Reprinted by per- 
mission of the copyright owner.) 
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The aldimines are unstable and should be used within a few hours after their 
distillation; otherwise polymeric products are obtained. 

Aliphatic ketones react more slowly than aldehydes with amines to form 
imines (see Table VII). Higher reaction temperatures, longer reaction times, 
and the removal of water aid in giving high yields of imines (80-95 %). Steric- 
ally hindered ketones react slowly. Methyl ketones require mild acid catalyst 
and are more prone to aldol condensation by-products than are methylene 
ketone [8]. 

Aromatic ketones react even more slowly than aliphatic ketones and require 
strong acid catalysts and higher temperatures to effect the isolation of good 
yields of imine. Acetophenone reacts with aniline at reflux temperature in the 
presence of aniline hydrochloride to give the imine [40] (see Table VIII). 

In general, the weaker the amine, the slower is the reaction rate with any 
given carbonyl compound. 

The high-pressure preparation of Weingarten et al. [15] involves reaction 
of ketones with ammonia and gaseous amines over KOH pellets in an 
autoclave heated to 260°C for 60 hr. Under these conditions, in a 1.4 liter 
autoclave, pressures of 6400 psi develop. 

The use of acid catalysts in the preparation of imines is quite common. For 
example, the benzylideneanilines of Table XI are prepared by refluxing a 
mixture of 0.010 mole each of the appropriate para-substituted benzaldehyde 
and aniline in 150 ml of benzene containing 0.1 gm of benzenesulfonic acid 
for 2-4 hr. A Dean-Stark trap is used to collect the water and then the solvent 
is removed under reduced pressure. The residue is recrystallized from hexane 
or other suitable solvent to give 47-95% yields. The nonmesomorphic 
compounds are recrystallized to constant melting point, whereas the nematic 
materials are recrystallized until the nematic-isotropic transition tempera- 
tures are constant and reversible [37]. 

It is interesting to note that the reaction of «,B-unsaturated aldehydes with 
amines proceeds in ether solution at room temperature without catalysis. On 
the other hand, «,B-unsaturated ketones react with amines in benzene 
solution at reflux temperatures upon catalysis with zinc chloride [6]. 

The use of titanium tetrachloride as an acid catalyst for the preparation of 
ketimines is particularly attractive with complex imines and hindered ke- 
tones. The quantities of reactants are determined by the equation: 

R 
/ 
t Il 
seek + 6RNH,+TiCl, ———> 2RC—R+4RNH,HCI+TiO, (10) 
Generally, slight excesses of the amine and the titanium tetrachloride are used 
for best results [15]. 
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2-6. Preparation of N-Isopropyl-N-(2,6-dimethylcyclohexylidene Amine [15] 


CH; 
2 O + 6CH;—CH—NH, + TiCl, ———> 
a cn, 
CH; CH; 
2 Nae + 4(CH;),CHNH, + HCl+ TiO, (11) 
cH, CH; 


(CAUTION: TiCl, reacts exothermically with ether. Also, since TiCl, 
hydrolyzes readily in moist air, equipment should be carefully protected 
against moisture and an efficient fume hood must be used.) 

In a hood, in a suitable apparatus, a solution of 63 gm (0.5 mole) of 2,6- 
dimethylcyclohexanone and 88.5 gm (1.5 moles) of isopropylamine in 300 ml 
of ether is prepared. To this solution, with stirring, 200 ml of a solution of 
48 gm (0.25 mole) of titanium tetrachloride in pentane is added over a period 
of approximately 0.75 hr. The reaction mixture is allowed to come to room 
temperature with stirring over an additional hour. Then the mixture is heated 
to reflux for 1.5 hr and allowed to stand at room temperature overnight. 

The ether solution is filtered. The salt cake is slurried with ether several 
times. The ether extracts are combined with the filtrate. The ether-pentane 
solution of the product is evaporated to near dryness behind a safety shield. 
(CAUTION: The usual precautions of evaporating ether to dryness must be 
observed.) The residue is distilled under reduced pressure. After a small 
forerun (less than 1! gm), the product distilled at 69°-71°C/10 mm. Yield: 
65.5 gm (79%); infrared maximum at 6.09 p (C=N). 

By similar techniques N-arylketimines have been prepared from aceto- 
phenone and anilines [27] as well as a-halogenated ketimines of the type [5]: 


R, 
a a 
X R; 
X =ClorBr 
R, = Me, Ph 
R,=4 


R,; = Me, i-Pr, Et 
R =i-Pr, Me, cyclophenyl, allyl, t-butyl 


90¢ 


SUBSTITUTED BENZYLIDENEANILINES (SCHIFF BASES) 


TABLE XI 


x{ )-cien{ -v 


Anal. (%) 
Smectic Nematic Calcd. Found 
x Y range (°C) range (°C) Cc H N Cc H N 
CH;0 CH:CHCO,C.4H5 11-95  95~113¢ 14.75 6.87 4.15 74.78 6.90 4.27 
C;H);0 CH:CHCO2C,4Ho9 102-138 _ 76.92 8.37 3.32 76.88 8.42 3.52 
CH;CO2 OCH; os 112-117° 71.37 5.61 5.20 71.80 5.65 5.32 
CH;CONH OCH; — 188°-4 71.62 6.01 10.44 71.75 6.03 10.36 
C.H;O CO,C2Hs — 94° (87)*-8 72.71 6.44 4.71 72.75 6.44 4.77 
CH;0 CONH), 176-95 _— 70.86 5.51 11,02 70.60 5.68 11,20 
CH;0 CN _ 105-118" 76.25 5.12 11.86 76.51 5.61 11.93 
CH;CO,2 CN _ 157-158° 72.69 4.58 10.60 72.65 4.54 10.50 
Ph OCOCH; — 155-182 79.95 5.39 4.45 80.18 5.44 4.58 
CH;0 OCOCH; — 83-110! 71.36 5.62 5.20 71.42 5.57 5.17 
CH3;0 COCH3 —_ 124,5¢-4 75.87 5.97 5.53 75.82 5.53 5.50 
C,H;O0 COCH; — 123¢ (118) 76.38 6.41 5.24 76.20 6.49 5.22 
n-C4H,O COCH; 85-97 98-111 77,26 7.17 4.74 77.66 7.13 4.66 


LO¢ 


n-C3H170 COCH;3 73~116 117-119 78.59 8.32 3.99 78.88 8.61 4.06 


CH; CN — 130° 81.77 5.49 12.72 81.97 5.69 12.40 
H CN Ee 71.5-2¢ 81.55 4.85 13.59 81.52 4.86 13.67 
HO,C CN 259-305 306-18" 71.99 4.04 11.19 72.12 4.10 11.05 
cl CN = 169-70°* 69.86 3.77 11.64 69.79 3.93 11.40 
(CH3)2N CN _ 183° 77.08 6.05 16.86 77.34 6.29 16.51 
O.N CN ot 190° 66.92 3.61 16.73 66.84 3.78 16.80 
NC OCOCH; = 164-165 72.69 4.58 10.60 73.05 4.74 10.78 
CH3CO, SCH; — 116-1176 67.60 5.28 4.92 67.91 5.38 4.95 
CH,S OCOCH; ~~ 100° (82)f 67.60 5.28 4.92 67.84 4.98 5.00 
CH;S SCH; _ 143-145° 66.20 5.54 5.18 66.43 5.73 5.24 
CH;S OCH; — 142°! a sae a oe = es 

n-CsH,O SCH; (83.5)"_ —_99¢ (94)4 72.20 7.03 4.67 72.53 6.88 4.79 
n-C4HyO OCH; — 111° (106)4 76.60 7.43 4.95 76.80 7.30 5.15 


“1D. Vorlander, Chem. Ber. 41, 2033 (1908) reports a mesomorphic range of 58°-76°C. ’ Pp, Hansen (Diss. Halle (1907)) reports a nematic 
range of 112°--118°C. © Not mesomorphic. 4 Recrystallized from benzene. © Melts to isotropic liquid at this temperature. S Mono- 
tropic (isotropic liquid -> nematic) transition temperature. *H. Sackmann and D. Demus, Z. Phys. Chem. (Leipzig) 224, 177 (1963). No 
transition temperatures are given. Although Castellano ert al. observed one mesophase, Sackmann and Demus report the presence of a smectic 


phase. 4 A. Frohlich (Diss. Haile (1910)) reports a nematic range of 103°-113.5°C. ‘Pp, Hansen (Diss. Halle (1907)) reports a nematic 
range of 81.5°-108°C. JM. Guia and E, Bagiella, Gazz. Chim. Ital., 51, II, 116 (1921). * Recrystallized from ethanol. ' A. Hantzsh 
et al., Chem. Ber. 34, 832 (1901). ™ Monotropic (nematic — smectic) transition temperature. " Reprinted from J. A. Castellano, J. E. 


Goldmacher, L. A. Barton, and J.S. Kane, J. Org. Chem. 33, 3501 (1968). (Copyright 1968 by the American Chemical Society. Reprinted by per- 
mission of the copyright owner.) 
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Primary aliphatic aldehydes such as RCH,CH==O react with ammonia to 
give addition compounds called “aldehyde ammonias.” These compounds 
can be converted into the starting materials again, or they may lose water to 
give imines which then polymerize. Secondary aliphatic aldehydes such as 
R,CHCH=O react with ammonia by a different course. For example [41, 
42], isobutyraldehyde reacts with ammonia to give the products shown in Eq. 
(12). 


3(CH3)2,CHCH=O + 2NH; ——*> (CH;)2,CH—CH[N=CHCH(CH;),], + H20 


|= (12) 


(CH;),C=CHN=CH—CH(CH;)2 + NH; 


Aromatic aldehydes react to give diimine derivatives as in Eq. (13). 
-3H,0 = 
3 ArCH=0 +2NH; ———> ArCH< (13) 


Monochloroamine reacts with substituted benzaldehydes to form ald- 
chlorimines [43]. 

Related to the imines are their alkylated salts, the ternary iminium salts, of 
structure 


R R’ 2 
wv 
C=N x7 
R’ R” 


A simple synthesis of such compounds involves the direct reaction of a 
perchlorate salt of a secondary amine such as pyrrolidine or morpholine with 
a ketone such as acetone. With complex ketones azeotropic dehydration with 
benzene may be required [44]. 

The above discussion demonstrates that the formation of Schiff base may 
proceed readily in many cases under relatively mild conditions. It is therefore 
not surprising that biochemistry, biomedical research, immunochemistry, etc. 
have found uses for the reaction of amines (for example, those found in amino 
acids or in proteins) with aldehydes, particularly glutaraldehyde, 
HCO(CH,);CHO. It may be expected that the reaction of polyfunctional 
amino compounds such as proteins and a dialdehyde such as glutaraldehyde 
will give rise to complex products after initial Schiff base formation (cf. [23, 
24, 26, 28], i.a., for some examples of the reaction of polyfunctional reagents 
and of subsequent cyclization reactions). 


§ 2. Condensation Reactions 309 


By reacting the enzyme carboxypeptidase A with glutaraldehyde in a 
‘sodium veronal buffer at pH 7.5, the enzyme was insolubilized by cross- 
linking. It was postulated that the reaction involved the s-amino group of the 
lysine segments of the enzyme but that the reaction proceeded beyond the 
formation of cross-links via Schiff base formation [45]. 

Enzymes have also been “immobilized” on polymeric substrates, often 
with considerable retention of the biochemical activity of the specific enzyme 
under study. In effect, this leads to polymers with surfaces that may act as 
enzymes. Hornby and Goldstein [46] mention nylon tubes which have been 
partially acid-hydrolyzed to free a few amino groups. The tube is then treated 
with glutaraldehyde followed by coupling of the enzyme—urease in this 
case—by reaction with free aldehyde groups. 

In an article on the use of glutaraldehyde as a coupling agent for proteins 
and peptides, Reichlin [47] rules out simple Schiff base formation upon 
reaction of aldehydes with protein because of the stability of the cross-links to 
acid hydrolysis. Be that as it may, many techniques have used reactions of 
glutaraldehyde with proteins. For example, in [47] a procedure is given for 
coupling adrenocorticotropic hormone (ACTH) to bovine serum albumin 
(BSA) at pH 7.0 with glutaraldehyde as well as a method for coupling 
glucagon to rabbit serum albumin at pH 10. Proteins have also been coupled 
to polyacrylamide. In many cases, the biological activity of the protein is 
retained after coupling with glutaraldehyde to another substrate. 


B. Condensation Reactions Involving Organometallic Compounds 


Grignard reagents react with nitriles to produce ketimines. The interme- 
diate addition compounds are isolated preferably with anhydrous ammonia 
[48-50] or anhydrous hydrogen chloride [48-50] to give 50-90% yields of 
the ketimines. Some ketimines are easily hydrolyzed to ketones and thus 
must be stored under anhydrous conditions [51]. Other ketimines are not 
easily hydrolyzable and are thus easily isolated [50]. For example, 2,2,6- 
trimethylcyclohexylcyanide and phenylmagnesium bromide give a ketimine 
stable toward hydrolysis [52]. In addition, t-butyl-o-tolylketimine is stable 
toward hydrolysis [50]. The latter two examples suggest that sterically 
hindered imines may help to stabilize those ketimines toward hydrolysis. 
Further research in this area is required before sound conclusions based on 
steric hindrance can be made. 

Aliphatic nitriles also react with aliphatic Grignard reagents to give high 
yields of the ketimine when the complex reaction product is slowly decom- 
posed with anhydrous methanol rather than anhydrous ammonia or aqueous 
decompositions [53]. 
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2-7, Preparation of Diethylketimine [53] 


NMgBr 
C.H;sCN + C,H;MgBr ———~> CH;CH,C—C2H; (14) 
NMgBr NH 


CH;CH,—C—C,H, —HOH, ae ee +MgBrOCH, (15) 
To a flask containing a solution of 0.5 mole of ethylmagnesium bromide in 
300 mi of ether is added dropwise 16 gm (0.285 mole) of propionitrile. The mix- 
ture is refluxed for 4 hr and then decomposed with 2.0 moles of anhydrous 
methanol. The ketimine is isolated as the hydrochloride by treatment of the 
filtrate with hydrogen chloride, and then regenerated with anhydrous am- 
monia to yield on distillation 12.2 gm (50.5 %), b.p. 86.5°C (730 mm), np 1.4626 
(20°C); hydrochloride, m.p. 104°C. 
Several other ketimines prepared by a similar method are shown in Table 
XII. The general procedure for the preparation is described in Procedure 2-8. 


2-8. General Procedure for Ketimine Preparation [53] 


Ketimines were prepared by the following general procedure; variations 
from the method are described separately. A Grignard reagent-nitrile complex 


TABLE XII’ 
KETIMINES PREPARED BY THE METHANOL MODIFICATION 
R—C—R’ 
ll 
NH 
: Hydro- 
Yield (%) B.p.,2 °C chloride, 
R R’ By CH,OH Other (mmHg) nd? mp.*°C 
Ethy] Ethyl 50.5 — 86.5(730) 1.4626 0.8523 104 
n-Propyl Isopropyl 38.0 — 58 (90) 1.4006 0.7973 —_— 
sec-Butyl o-Toly} 86.0 TP 83 (4) 1.5239 0.9446 143-144 
Pheny] Pheny! 82.0 60° 127 (3.5) 1.6191 1.0849 139 
Ethyl 2-Pyridyl 40.9 — 192.5 (730) 1.5578 1.5491 143 
o-Tolyl 2-Thienyl 61.0 574 163 (4) 1.6262 1.1464 205 
2-Thienyl 5-Acridyl 5.0 — 172 — — 167 


* Uncorrected. 

>P. L. Pickard and S. H. Jenkins, J. Am. Chem. Soc. 75, 5899-5901 (1953). 

¢C. Moureu and G. Mignonac, C.R. Acad. Sci. Paris 156, 1801-6 (1913). 

4 J, O. Snyder, Ph.D. Thesis, University of Oklahoma, 1954. 

¢ Melting point. 

‘ Preparation 2-8 and Table XII are reprinted from R. L. Pickard and T. L. Tolbert, J. Org. 
Chem. 26, 4886 (1961). (Copyright 1961 by the American Chemical Society. Reprinted by 
permission of the Copyright owner.) 
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was prepared by the dropwise addition or 0.45 mole of nitrile to a stirred Grig- 
nard reagent prepared from 0.50 mole of halide and 0.51 gm-atom of mag- 
nesium turnings in 300 ml of anhydrous ether, followed by an 8-12 hr reflux. 
After cooling to room temperature, the stirred complex was decomposed by 
the dropwise addition of 3 moles of anhydrous methanol. Reaction was vigo- 
rous; in every case, completion of the decomposition gave a slurry of white, 
easily filtered, crystalline solid, although at intermediate stages the mixture 
was sometimes gummy. Immediately after the decomposition, which required 
20-40 min, the slurry was filtered and the filtrate was distilled.* 

The preparation of diphenyl ketimine is given in considerable detail in 
Organic Syntheses [54]. 

The chlorine groups of N-chloroimines [55, 56] and C-chloro-N-benzyli- 
deneanilines [57] react with Grignard reagents in fair to good yields to give 
the corresponding imines as described in Eqs. (16) and (17). 


ae +R’MgX ———> ae + MgXCl (16) 

Cl . R’ 
R,C=N—Cl + R'MgX ———> R,C=NR’+RCN+RCI1+Mgx, (17) 
Oximes react with Grignard reagents to give the amine of the Grignard 
reagent with the ketimine as the secondary product as shown in Eq. (18) [58]. 
ArCH=N—OH + RMgX ————> Cae + ArCHNHR + MgXOH_ (18) 

R 
Titanium alkyls react with aryl- or alkylnitriles to give imines after 

hydrolysis [59]. 

Recently, Richey and Erickson [60] found that primary amines react under 
mild conditions with organolithium compounds to form imines and a- 


substituted primary amines. Equation (18) outlines a scheme by which such 
compounds may be formed: 


R’Li 
RCH,NH, ———> RCH,NHLi RCH=NH R—CHNH2 
a 
R’Li 
R’Li|| ROH (19) 


—LiH R’Li 
RCH,NLi, ——> RCH=NLi —— os hi 
R’ 
* Reprinted from P. L. Pickard and T. L. Tolbert, J. Org. Chem. 26, 4886 (1961). (Copy- 


right 1961 by the American Chemical Society. Reprinted by permission of the copyright 
owner.) 
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This reaction procedure for the preparation of imine needs to be evaluated 
further since the experimental section of this paper deals only with the 
preparation of millimolar quantities. Table XI lists some typical constants of 
imines prepared by this and other methods. 

Lithium aldimines may be prepared by treating an isocyanide like 1,1,3,3- 
tetramethylbutyl isocyanide with tert-butyllithium and n-butyllithium. Lith- 
ium aldimides are capable of reacting with a variety of electrophilic reagents, 
e.g., alkyl halides, carbon dioxide, ethyl chloroformate, benzaldehyde, other 
carbonyl compounds, and allyl and benzyl] halides [61, 62]. The products are 
a-hydroxy imines, which usually undergo an Almadori rearrangement, 
ultimately leading to «-aminoketones. Lithium aldimides add 1,4 to methyl 
acrylate but 1,2 to acrolein. Hydrolysis of these compounds gives the 
corresponding carbonyl compounds. The reaction of lithium aldimines with 
allyl bromide results in an E,Z mixture of a,8-unsaturated imines (cf. Table 
XII). 

Sodium dialkylamine derivatives may cause the formation of iminonitriles 
(cf. Eq. 2). Under certain circumstances, cyclic iminonitriles may form (Eq. 


20) [63-68]. 
NH 
CN—(CH2)4—CN + NaNR, -———> ine (20) 


The base-catalyzed condensation of two nitriles to imines is sometimes 
called the Thorpe reaction. Preparation 2-9 is an application of this process. 


TABLE XII 


PysICAL PROPERTIES OF MISCELLANEOUS IMINES 
M.p. °C B.p. °C/mm Ref. 


N,N'-(p-Phenylenedimethylidyne)dianiline 162-163 _ 16 


N,N'-(p-Phenylenedimethylidyne)bis(methylamine) 92 — 16 
N,N'-(p-Phenylenedimethylidyne)bis(ethylamine) 51 — 16 
N,N‘-(p-Phenylenedimethylidyne)bis(butylamine) — 143/0.03 16 
N-Undecyl-2-picolinimine — 125-150/0.2 19 
2,2,4,4-tetramethylpentan-3-imine _ 64-109 60 
2,2-Dimethyl-3-phen yl-3-imine _— 46-47/0.35 60 
Diphenylmethylimine _— 123-139/0.9 60 
Diphenylmethylidenediphenylamine 155-157 _ 60 
2-[5-(Carbomethoxy)-2,2-dimethy]-3-phenylidene]- = 123-125/0.2 62 
2,4,4-trimethylpentane 
(E,Z)-3-[(2,2-Dimethy]-4-ene-3-hexylidene)amino]- _ 74/0.55 62 


2,4,4-trimethylpentane 
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2-9. Preparation of 3-Iminobutyronitrile [64] (Thorpe Reaction) (65, 66] 


Ce6He NNa NH 
reflux temp. I H20 I 
Pea ita ih ie _ ae 
CH,CN + Na Sei RiGH CH,;C—CH,CN xeon? CHsC—CHCN (21) 


In a three-necked flask equipped with a long reflux condenser, stirrer, and 
dropping funnel is placed 78 gm (3.9 gm-atom) of powdered sodium in 800 ml 
of dry benzene. Acetonitrile (246 gm, 6.0 moles) is slowly added over a period 
of 24 hr at a rate to maintain the reaction mixture boiling. Once the reaction 
Starts, it is very exothermic and some cooling may be necessary. Methane is 
evolved, and care should be taken to prevent loss of benzene. 

After the addition of acetonitrile the mixture is refluxed for 3 hr or longer 
until, in cooling, the sodium salt or 3-iminobutyronitrile and sodium cyanide 
crystallize from the reaction mixture. The product salts are filtered, suspended 
in I liter of ether, and water is slowly added until the salts dissolve. The ether 
layer is separated, dried, and the ether removed by atmospheric distillation. 
After a few hours the residue crystallizes to yield 121 gm (49.7 %) of crude pro- 
duct. Recrystallization from benzene yields 91 gm (37.4%), m.p. 63°-71°C. 
Von Meyer [67] has reported that this compound exists in a stable form with 
m.p. 50°-54°C and in a labile form, m.p. 79°-84°C. 


3. REDUCTION REACTIONS 


Lithium aluminum hydride in tetrahydrofuran has been found to reduce 
aromatic nitriles to give an amine and to give an imine which is formed from 
the addition of the amine to a nonisolatable intermediate imine followed by 
elimination of ammonia [69] (Eq. 22). This is simpler than catalytic 
hydrogenation of nitriles [70], which gives poor yields of imines. 


CoHsCN AIS, CoHSCH)NH) + CsHsCH;N=CHCsH;+ NH; (22) 
(58%) (30%) 

Nitriles can also be reduced to imines with stannous chloride in ethyl 
acetate containing hydrogen chloride [71]. The imines are isolated as the 
stannous chloride salt. 

B-Nitrostyrenes can be reduced with lithium aluminum hydride below 0°C, 
then hydrolyzed to the phenylacetaldimine (16% yield) with a 20% aqueous 
solution of potassium sodium tartrate [72] (Eq. 23). 


CsH;CH=CHNO, — > C,Hx,CH=CH—NH, (23) 


-40°C | 


C,H,CH,CH=NH, 
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Oximes of aliphatic and aromatic ketones are catalytically reduced in the 
presence of hydrogen to ketimines. Acetophenone oxime gives the imine in 
30% yield [73]. This reaction is not of practical value and gives much poorer 
yields than the direct reaction of ammonia or amines with the carbonyl 
compounds. 


4. OXIDATION REACTIONS 


Hydroperoxides and peroxides oxidize primary and secondary aliphatic 
amines to imines. Thus t-butyl hydroperoxide oxidizes 4-methyl-2-pentyl- 
amine to 2-(4-methylpentylidene)-4-methyl-2-pentylamine in 66 % yield [74]. 
Di-t-butyl peroxide reacts in a similar manner [74]. However, this reaction is 


RNHCHR’R’+R”OOH ——> RN=CR’R’+R”OH (24) 


not suggested for preparative use because further work is required to 
ascertain its value for the general preparation of amines (see Eq. 24). 

Recently, complex aromatic amines with reagents such as nitrobenzene, 
silver oxide, and potassium ferricyanide [75] are oxidized to cyclic imines. 
The resulting imines may cyclize as indicated in Eq. (25) [75]. 


H H 
N N. 
Ces OC 
— 
NH, NH, NH, NH 
N N 
eee 600 aE. 
N NH, Aa NH, 


5. MISCELLANEOUS METHODS 


(1) Aziridines [2]. Ethylenimine is conveniently prepared in the laboratory 
in 34-37% yields by heating the sulfate ester of ethanolamine with aqueous 
alkali [76, 77]. Ethylenimine is considered a carcinogen by the FDA. The 
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preparations are given here only for historical interest. It is recommended 
that this preparation NOT be attempted. 


5-1. Preparation of Ethylenimine [36] (CAUTION: A known carcinogen) 


HC 
H,c—oH 180% H,coso,0- Ns0H, (ONH (26) 


H,C—NH, H,C—NH} 


(a) Preparation of B-aminoethylsulfuric acid [77]. Ethanolamine (6 moles, 
366 gm) and 98 % sulfuric acid (6 moles, 600 gm) are separately diluted with 
half their weight of water and cooled in an ice bath. The amine is slowly added 
to the acid with constant stirring in a flask also cooled in anice bath. The mixture 
is boiled under reduced pressure with the aid of an aspirator. Boiling stones 
are used to prevent bumping. When the temperature of the liquid reaches 
140°-160°C, the heating is stopped and the material solidifies. The product 
is not isolated, but methanol or ethanol is added in order to wash the product 
free from any remaining sulfuric acid or ethanolamine. The yield is approxi- 
mately 761-804 gm (90-95 %). 


(b) Preparation of ethylenimine. To a 5 liter flask equipped with a distilla- 
tion head are added 564 gm (4.0 moles) of B-aminoethylsulfuric acid and 
1760 gm of 40% by weight of sodium hydroxide solution. The mixture is 
heated to the boiling point to initiate the reaction. The heating mantle is 
removed and the mixture continues to boil for several minutes. When the 
initial reaction subsides, heating is continued and about 500 ml of distillate is 
quicky collected in a cooled receiver. Approximately 450-500 gm of potassium 
hydroxide is gradually added to the distillate to cause the imine layer to 
separate as a top layer. The aqueous layer is separated and distilled through a 
wrapped 10 in. Vigreux column. The distillate boiling at 50°-100°C is collected 
in achilled receiver and saturated with potassium hydroxide pellets. The upper 
layer of ethylenimine is separated and combined with the previously obtained 
crude product. The ethylenimine is distilled from fresh potassium hydroxide 
to yield 59-62 gm (34-37 %), b.p. 56°-58°C. The product is stored over sodium 
hydroxide pellets in the refrigerator. 

Ethylenimine has also been prepared for B-bromoethylamine hydrobro- 
mide by reaction with silver oxide [78], sodium methoxide [79], potassium 
hydroxide [80]; from f-chloroethylamine hydrochloride by reaction with 
sodium hydroxide [81]; from B-aminoethylsulfuric acid by reaction with 
sodium hydroxide [76, 77, 82-86], and by heating to 100°-300°C oxazoli- 
done or substances yielding it [87]. 
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Ethylenimines may also be prepared by the reaction of 1,2-dihaloalkanes 
with amines or ammonia. For example, ethylenimine may be prepared in the 
laboratory or on an industrial scale by the reaction of ethylene dichloride 
with ammonia [88]. The reaction with amines with «,6-dibromoketones 
yields imines as described in Eq. (27) [89]. 


sa hs ai ae +R’NH, ——> Rei (27) 
Br Br :) 
R’” 


Aryl alkyl ketoximes react with aryl or alkyl Grignard reagents to give 
substituted ethylenimines [90, 91]. Additional methods for the synthesis of 
ethylenimines (aziridines) is found in Dermer and Ham [2]. The toxicity and 
carcinogenicity of the compounds are not well known. However, since 
ethylenimine itself is carcinogenic, the related derivatives of it, i.e., the whole 
class of aziridine, must be considered suspect. We do not recommend that any 
of the syntheses of aziridines be attempted at this time. The syntheses are 
discussed here primarily for reference, historical interest, and also to point 
out to the reader that relatively innocent appearing reagents may lead to 
dangerous products. 


5-2. Preparation of 2-Phenyl-2-ethylethylenimine [90] 


C,H;MgBr + CsH;C—CH3 _, 


| 


N—OH 
C,H; ee C2Hs 
CeHs—C—CH, > CoHSC—CHp = CoHs—C—CH (28) 
™ y cold. x 
MgBr OH MgBr H 


To a flask containing 1.0 mole of ethylmagnesium bromide prepared in 350 
ml of dry ether is attached a distillation head and column. The ether is removed 
by distillation until 200 ml is collected, and then 200 ml of dry toluene is added. 
From a dropping funnel is added dropwise a solution of 34 gm (0.25 mole) of 
acetophenone oxime in 200 ml of dry toluene over a period of 2 hr. The oil bath 
around the flask is kept at 90°-95°C during the addition and for an $ hr after- 
ward. The cool reaction mixture is hydrolyzed by pouring all at once into an 
ice-ammonium chloride solution. The water layer is extracted several times 
with ether, and the combined organic layers are dried over magnesium sulfate. 
The residue remaining after the ether and toluene are removed is distilled under 
reduced pressure to yield 14.4 gm (37%) of 2-phenyl-2-ethylethylenimine, 
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b.p. 85°-86°C (7.0 mm), 2° 1.5318. Yields as high as 60% and as low as 20% 
have been obtained by this procedure; thus further preparative modifications 
may lead to more consistently higher yields. 

Ethylenimine derivatives can be made to undergo nucleophilic substitution 
reactions to give a wide variety of substituted ethylenimines. 

Several examples of reactions to prepare substituted ethylenimines are 
shown in Table XIV. 

(2) Phenols are also known to be able to condense with nitriles to give 
phenolic ketimines as shown in Eq. (2) [92]. The reaction between the phenol 
and nitrile is carried out in ether solution when hydrogen chloride gas is 
added to the saturation point. Less reactive phenols also require the presence 
of zinc chloride. 

(3) Reaction of nitroso compounds with active methylene groups to give 
imines [93, 94]. 

(4) Reaction of metal amides of primary amines with aromatic ketones to 
give imines [95]. 

(5) Diethyl ketals react with alkyl- or arylamines. Aromatic amines give 
better yields of imines [94]. 

(6) Nitrones react with potassium cyanide to give C-cyanoimines [97]. 

(7) Phenyl isocyanate reacts with p-dimethylaminobenzaldehyde at 100°C 
to give the imine in quantitative yield [98]. 

(8) Olefins react with hydrazoic acid in sulfuric acid to give imines [99]. 

(9) Tertiary alcohols or halides react with hydrazoic acid in sulfuric acid to 
give imines. Under the same conditions, benzhydrol gives N-benzylideneani- 
line in 90% yield [100]. 

(10) Secondary nitroalkanes react with primary amines to give imines 
[101]. 

(11) Alkylidene triphenylphosphoranes react with nitroso compounds to 
give imines [102]. 

(12) 1-Butylperfluoroisobutylene reacts with primary amines to give im- 
ines [103]. 

(13) Ketones as well as imines, in the presence of an acid catalyst, react 
with ketimines to exchange the higher- for the lower-boiling ketone [104]. 

(14) Diimines of «-diketones—reaction of aromatic aldimines with sodium 
in DMSO at 20°C (72 hr) [105]. 

(15) Fluorination of Schiff bases [106]. 

(16) Reaction of iodine azide with olefins followed by reduction leads to a 
stereospecific synthesis of aziridines [107]. 

(17) Preparation of benzylidene hydrazides (anticancer agents) [108]. 

(18) Preparation of poly(Schiff bases) (polyazomethines) [109-111]. 

(19) Addition of aziridines to ketones via titanium chloride catalysis 
[112]. 


TABLE XIV 
SusstITuTeD ETHYLENIMINES Pare 


R 
B.p., °C Yield 
Reaction Product (mm Hg) nf}? (%) Ref. 

CHa—CH: + NaOCl CH2—CH? 37.5-38.3 1.4433 80 ‘ 

NY \nZ (245) (20) 

H | 

cl 
fe) 

CH2—CH; + CH;COCI CH;C—N<_| 38-39 1.4378 30 . 
Nu NCH; (17) (20) 

H 

fe) 
| CHa 
CH,—CH, + C,HsO0COCI C,HsOCNC | 60-63 — 60-65 . 
\n7 CH, (21) 
H 
CHA | Zh 

2 CH.—CH? + COCI, | /N-C-NC | 55-56 = 2 

\n/ CH; CH, (0.4) 

H m.p. 39-41°C 
CH2\ 

3CH2—CH) + POCI; | “ON }-P=0 90-91 90-91 

\n CHy 43 (0.3) 

H m.p. 41°C 


* A. F. Graefe and R. E. Mayer, J. Amer. Chem. Soc. 80, 3939 (1958). 


> A.H. Bestian, J. Henya, A. Bauer, G. Ehlers, B. Hirsekorn, T. Jacobs, W. Noll, W. Weibezahn, and F. Rémer, Ann. Chem. 566, 210 (1950). 


¢S. Skorokhodov, Zh. Obshch. Khim. 31, 3626 (1961). 
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(20) Reaction of glyoxal with aromatic primary amines [113]. 

(21) Dehydrofluorination of N-chloro-N-fluoroalkylamine [11]. 

(22) Formation of anti-Bredtimines by photolysis of 1-azidobicyclo- 
[2.2.2]octane and related bicyclic compounds [114]. 

(23) Cycloaddition of tert-butylcyanoketene to isocyanides [115]. 

(24) Synthesis of diaziridinimines [116]. 

(25) Formation of thioimino esters [117]. 

(26) Alkylation of imines to form iminium salts [118]. 

(27) Oxidation of imino ethers [119, 120]. 
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CHAPTER 13 / AZIDES 


1, INTRODUCTION 


The chemistry of organic azides has received increasing attention in recent 
years not only because azides are sources of nitrenes [1] but also because 
heterocyclic nitrogen compounds such as carbazoles, furoxans, azepines, 
A?-triazolines, triazoles [2], tetrazoles [3], aziridines [4, 5], and azirines have 
been obtained by either addition or decomposition reactions of azides. 

Of considerable current interest is functionalization of polymers for use in 
biochemical research. For example, a variety of carboxylated polymers may 
be transformed to the corresponding polymeric acylhydrazides. On reacting 
with amino groups of proteins, the hydrazides form conjugates (Eq. 1). The 
resultant product may be water-insoluble material that may have retained 
virtually all of the biochemical activities of the protein. Thus a specific 
enzyme may be fixed to a solid substrate [6-11]. 


O 
I I 
(P)—C—NH, + NH,NH, ———> (P)—C—NHNH, + NH, 


HNO2 (1) 


I NH2—protei I 
(P)—C—NH—protein — ()—C—N, 


In solid-phase polypeptide syntheses, Merrifield and co-workers extended 
a peptide chain which had one end attached to a poly(chloromethylated 
styrene) resin and a free end terminated with a hydrazide by converting the 
hydrazide portion of the molecule to an acylazide and coupling the resin- 
acylazide with another amino acid [12]. 

References [1, 13-18] represent a selection of reviews of the preparation 
and chemistry of alkyl, aryl, and related azides. 

The most generally useful method of preparing azide and acyl azides makes 
use of the displacement of other functional groups by azide ions (Eq. 2). 


RX +NaN, ———> RN, + NaX (2) 


X = halide, acyl halide, sulfonyl halide, bridgehead hydroxyl, etc. 
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Other useful preparations involve diazo transfer reactions. In the aromatic 
series diazonium salts may be reacted with sodium azides (Eq. 3). 


NaN 
ArN,X” ——> ArN, (3) 


Hydrazine derivatives may be treated with nitrous acid to form azides, a 
reaction which is of particular value in preparing polymeric acrylazide. 

Hydrazoic acid may be added to activated olefinic bonds to yield azides. 
Some epoxy compounds have also been reacted with sodium azide to form 
hydroxy azides. 


Hazards and Safe Handling Practices 


Although organic azides are reputed to be explosive materials, detailed 
information on hazards and safety precautions is sparse. Smith called acetyl 
azide “treacherous” [19]. 

The explosive hazard may be a function of the size of the molecule. For 
example, methyl azide is reported to be handled in a routine manner (but not 
in the presence of mercury) [19]. Yet, while this chapter was in preparation, 
Burns and Smith reported an explosion during the preparation of this very 
compound from dimethyl sulfate and sodium azide while sodium hydroxide 
was being added [20]. They attributed the explosion to the formation of 
hydrazoic acid during the preparation, when the pH of the reaction mixture 
may have dropped below 7. They therefore recommend adding to the 
indicator bromthymol blue to the reaction mixture. This indicator changes 
color from deep blue at pH 6.5 to yellow at pH 8. The rate of base addition 
can then be monitored readily by observing the color of the reaction mixture 
and maintaining the pH at 8 or higher, throughout the reaction. Since the 
indicator may fade during the process, additional quantities will have to be 
added from time to time (approximately once each hour). 

Burns and Smith more recently [20a] reported an explosion during their 
preparation of 20 gm ethyl azide following their precautions cited above for 
methyl azide [20]. The explosion took place just after approximately 0.5 ml 
of additional indicator solution was added. They postulated that either the 
acidic indicator or exposure to the ground glass joint initiated the detonation. 
The force of the detonation of this 20 gm ethyl azide left a 1-cm deep 
depression in their 16-gauge stainless steel hood floor and shattered the safety 
glass around the hood’s fluorescent lamp. 

The present authors are not in a position to comment on either the validity 
of the hypothesis of Burns and Smith or their recommendation. Obviously, 
all reactions involving the preparation, use, and disposal of solvents and by- 
products of azides and related compounds must be carried out on a very 
small scale with suitable protection of personnel even if a particular reaction 
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has been repeatedly carried out without incident. The avoidance of ground 
glass joints, the protection from strong light and the use of dilute solutions (as 
with diazo methane preparations) are additional precautions suggested by 
Burns and Smith [20a]. 

In the case of “triflyl” azide, the recommendation has been made that the 
compound not be allowed to be completely free of solvent and that it not be 
stored for any length of time [21]. Ethyl azidoformate could be distilled at 
about 100°C. It did not detonate until 160°C. On the other hand, the vapors 
of this azide are toxic, leading to vertigo, severe headaches, and sometimes 
vomiting [22]. 

Of the 1,2-diazobenzenes, the parent compound, 1,2-diazobenzene, could 
be detonated on an anvil with a hammer. However, the 3-methyl-4-methyl, 
4-methoxy, and 4-chloro derivatives were not said to be shock-sensitive [23]. 

These observations show that extreme care must be exercised in the 
handling and preparation of azides and their derivatives. 

In addition, sodium azide and hydrazoic acid must be handled safely. In 
working with sodium azide, the salt must not come in contact with copper, 
lead, mercury, silver, gold, their alloys and their compounds. All of these form 
sensitive explosive azides. Azide salts must not be thrown into sinks or sewers 
since all azide salts are highly toxic; react with acids to form explosive, toxic, 
and gaseous hydrazoic acid; and react with copper and lead pipes. Azides and 
hydrazoic acid are thought to be more toxic than cyanides and hydrogen 
cyanide [24]. 

Decontamination of rags, filter paper, solutions containing sodium azide, 
and apparatus which has been contaminated with sodium azide should be 
done by soaking, in a fume hood, with acidified sodium nitrite until the azides 
have been destroyed, followed by washing or other disposal [24b]. In general, 
the handling and disposition of sodium and other azides must be in 
conformity with all appropriate laws and regulations. 


2. CONDENSATION REACTIONS 


A. Displacement Reactions with Azide Ions 


Allyl and aryl azides are commonly prepared by the nucleophilic displace- 
ment of such functional groups as halide, sulfide, phenyldiazonium, hydroxyl, 
nitrate, iodoxy, alkoxy, tosylate [13], aliphatic and aromatic sulfonyl chlo- 
rides [25], acyl chlorides [22], and quaternary ammonium salts [26] with 
sodium azide. Acetyl azide, generated in situ as required, has been used as an 
azidation agent of an alkyl halide [27]. This reaction, along with the 
displacement of amino groups by azide moieties using trifluoromethene- 
sulfonyl azide [21], may be looked upon as a “diazo transfer” reaction. 
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While the use of silver azide has been recommended in some syntheses, in 
most cases this does not appear to be necessary. In view of the explosive 
hazards associated with heavy metal azides, use of this azide is best avoided 
(see Section 1A). Table I cites experimental details for the preparation of 
azides from the literature [28-59]. Preparation 2-1 is a typical example of the 
procedures used in the synthesis. In view of the general hazards of handling 
azides, the scale of reaction should probably be reduced considerably. The 
removal of unreacted alkyl halide with silver nitrate may lead to silver azide 
formation and should, therefore, be replaced by another procedure. 


2-1. Preparation of n-Butyl Azide [29] 


H20 
n-C,H,Br + NaN3 eon” n-C,HoN; + NaBr (4) 

With suitable safety precautions, to a flask containing 34.5 gm (0.53 mole) 
of sodium azide in 70 ml of water and 25 ml of methanol is added 68.5 gm 
(0.50 mole) of n-butyl bromide while stirring at room temperature. The 
resulting mixture is heated and stirred on a steam bath for 24 hr. The bottom 
layer of n-butyl bromide disappears after this time and a top layer of crude 
n-butyl azide forms. The crude azide is separated and then treated overnight 
with alcoholic silver nitrate to remove traces of butyl bromide. The mixture is 
then filtered, washed with water, and distilled behind a safety barricade to 
yield 40.0 gm (90%) of n-butyl azide, b.p. 106.5°C (760 mm), n2°°> 1.4152, 
d?9-> 0.8649. [NOTE: n-Butyl azide and methanol form an azeotrope (b.p. 
60°C) from which the azide is liberated by the addition of a saturated solution 
of calcium chloride. ] 

The use of carbitol as a reaction solvent rather than water or aqueous 
alcohol has been reported to improve the reaction of alkyl halides with 
commercial sodium azide [31]. At one time, an activation of sodium azide 
with hydrazine hydrate was suggested [63]. However, the use of Carbitol 
seems to have eliminated the need for this step. Sealed tube reactions also 
seem to have been common. But this must be considered hazardous, since a 
violent explosion has been reported when an attempt was made to seal a tube 
for the preparation of an alkyl azide [64]. No reactions reported in this 
chapter involve sealed tubes. Table II describes the conditions and azides 
prepared using the Carbitol solvents. Procedure 2-2 is an example of a 
synthesis utilizing this solvent system. 


2-2. Preparation of Pentyl Azide [31] 
n-CsHyl + NaN, et. nC5Hy,N3 + Nal (5) 


With suitable safety precautions, to a flask containing 16.9 gm (0.26 mole) 
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of sodium azide, 300 ml of Carbitol, and 50 mi of water is added all at once, 
with stirring, 39.6 gm (0.20 mole) of pentyl iodide. After a few minutes the 
homogeneous solution is heated to 95°C and kept there for 24hr. After 
cooling to room temperature, the reaction mixture is poured into | liter of ice 
water. The organic layer is separated and the water layer is extracted with 
two 200 mi portions of ether. The ether and organic layers are combined, 
dried, and concentrated. The residue is distilled under reduced pressure to 
afford 18.9 gm (83.6%), b.p. 77°-78°C (112 mm), n2° 1.4266. 

In their paper on the preparation of «-azidovinyl ketones, L’abbe and 
Hassner [60] mention five azide syntheses of which three may be considered 
displacement reactions of alkyl halides with azide ions (Eqs. 6, 7, 9). Another 
process involves addition of iodine azide to a trans-a,B-unsaturated ketone 


lI 2NaN3 ll 
R—C—CH—CH—R’ ——— > R—C—C=CH—R’ (6) 
| I aM | 
Br Br Nj 
re) Oo 
NaN3, NH3 Il 
R—C—C=CH—R’ R—C—C=CH—R’ (7) 
DMF | 
Br N; 
H Ph IH Ph 


— Oo Cc—c (8) 
vA \ CH3CN 7 7 at 
RC H R—C H N; 


(Eq. 9). The fifth process, due to Knittel et al. [64a], is an aldol condensation 
of azidoacetophenones with substituted benzaldehydes (Eq. 10). 
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TABLE I 


DISPLACEMENT OF VARIOUS FUNCTIONAL GROUPS BY AZIDE ION IN POLAR SOLVENTS 


React. React. 
temp. time Azide 
Starting material Azide Solvent (°C) (hr) (yield %) Ref. 
CICH,COOC,H; NaN, C,H;OH + H,O0 80 3 91 28 
n-C,H,Br NaN, CH;OH + H,O 50-60 24 90 29-30 
RX, X = I, Br, R = alkyl NaN, Carbitol 95 24 64-100 31 
Bis(chloromethyl)oxetane NaN, Diethylene glycol 90-100 30 25 32 
RX, X = Br, Cl Tetramethyl- CH,Cl, 32 ii 60-100 33 
R = alkyl or alkyl aryl guanidinium N, 

R-(Br),, R = alkylene NaNj CH;OH 56 24 60-89 34-35 
RBr NaN3 C,H,OH + H,O 80 24 70 36 
9-Bromomethylfluorene NaN, DMF 0-10 73 100 37 
2,3-Dichloro-1,4-naphthoquinone NaN, H,0O + CMF 25 z 61 38 
10-Bromo-1-undecene NaN; Acetone 16 80 39 
RSO,C,H,—CH, LiN, CH,;OH + H,O 56 24 57 32, 40 
RSO,Cl NaN, C,H;OH + H,O 0-10 1 84 41-43 
R,NSO,Cl NaN, C,H;OH + H,O 32 1 90 44 
RCOCI NaN, Acetone + H,O 25 1 98 45-48 
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TABLE II [10] 


PREPARATION OF ALKYL AZIDES FROM SODIUM AZIDE, ALKYL IODIDES, 
OR BROMIDES, AND CARBITOL SOLVENTS AT 95°C FOR 24 HR 


NaN;7 Halide H,0- Yield B.p., °C 
Azide (moles) (moles) Solventtype ml (ml) (%) (mmHg) x? 
Propyl 0.4 0.3? Methyl Carbitol 450 75 64.4 58 (357) 1.4105 
Butyl 0.4 0.3° Methyl Carbitol 450 75 78.3 71 (225) 1.4192 
Hexy! 0.4 0.3° Carbitol 450 75 86.6 85 (63) 1.4318 
Hepty! 0.26 0.2? Carbitol 300 650 99.6 70 (13) 1.4343 
Octyl 0.26 0.2? Butyl Carbitol 300 60 94.8 62(3.3) 1.4368 
Decyl 0.26 0.22 Methyl Carbitol 300 60 89.2 67(0.65) 1.4425 
Cyclopentyl 0.26 0.2° Carbitol 300 50 82.0 72 (77) 1.4616 
Cyclohexy! 0.40 0.3? = Carbitol 150 = 50 75.2 72 (30) 1.4693 
* Not activated. > Todide. © Bromide. 


4 Reprinted from E. Lieber, T. S. Chao, and C. N. R. Rao, J. Org. Chem. 22, 238 (1957). 
(Copyright 1957 by the American Chemical Society. Reprinted by permission of the copyright 
owner.) 


The processes of Eqs. (6), (7), and (9) are displacement reactions using 
dimethyl formamide (DMF) instead of Carbitol as the reaction solvent. 

Preparations of acyl azides from acid chlorides, anhydrides, or the sulfonyl 
chlorides are similar to those involving alkyl halides. The aliphatic members 
of the series are said to be generally unstable and explode on heating, whereas 
aroyl azides are more stable thermally and may be isolated more readily [65]. 
Note that in Preparation 2-3, by adding the acid chloride to a sodium azide 
solution, the reaction mixture may be maintained at a high pH throughout 
the process. 


2-3. Preparation of Ethyl Azidoformate [22] 


. il ll 
C,H,O—C—Cl + NaN, ———> C,H,—O—C—N, + NaCl (11) 


’ With suitable safety precautions, with the reaction flask surrounded by a 
large ice-salt bath, to an ice-cooled aqueous solution of 35 gm (0.54 mole) of 
sodium azide in 190 ml of water is added dropwise and with vigorous stirring 
a solution of 50 gm (0.45 mole) of ethyl chloroformate in 50 ml of peroxide- 
freé ether. Cooling and stirring are continued for 2.5 hr. The infrared 
spectrum of the ether layer in toluene is taken from time to time during the 
reaction period. The reaction is considered complete when there is no acid 
chloride absorption at 1798 cm7?. 

The ether layer is separated and preserved. The aqueous layer is extracted 
twice with ether. The ether extracts are combined with the original ether layer 
and dried over anhydrous sodium sulfate. After filtration, the ether is 
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removed by distillation at atmospheric pressure. The residue is distilled under 
reduced pressure through a short Vigreux microcolumn. At 39°-41°C at 
approximately 30 mm, 40.5 gm of crude ethyl azidoformate is isolated. Upon 
redistillation at 40°C (30.5 mm), 31.1 gm (60% yield) is isolated; n24-* 1.4180. 
Infrared spectrum (in CCi,) showed the N, peaks at 2416 (w), 2185 (s), and 
2137 (s); C=O at 1759 (s) and 1730 (vs); and C—O at 1242 cm™! (vs). 

A new method of preparing acyl azides of aromatic acids makes use of zinc 
iodide as a catalyst for the reaction of aroyl chlorides with trimethylsilyl azide 
at room temperature [65]. 


2-4. General Procedure for the Preparation of Aromatic Acid Azides [65] 


CH, 
lI 1 Zniz lI 
Ar—C—Cl + CH;—Si-N, ———* Ar—C—N, (12) 
CH, 


With suitable safety precautions, to a stirred dispersion, under nitrogen, of 
20 mmoles of an aroyl chloride and 20 millimoles of trimethylsilyl azide in 
80 mi of methylene chloride at 0°C is added 20 mg of anydrous zinc iodide. 
Stirring at 0°C is continued for 0.5 hr. Then the stirred mixture is allowed to 
warm slowly to room temperature. Stirring is continued at room temperature 
until the reaction has been completed (cf. Table III). The reaction mixture is 
poured into 100ml of ice water. The methylene chloride layer is separated 


TABLE Ill 


PREPARATION OF AROMATIC ACID AZIDES FROM ACID 
CHLORIDES AND TRIMETHYLSILYL AZIDE, CATALYZED WITH 
ZINC IODIDE [65] 


Substituent on Reaction M.p., °C Yield 

Benzoyl chloride time (hr) (b.p., °C/mm Hg) (%) 
4-(CH,O—) 3 70-71 96 
4-(CH;) 3 32-33 84 
3-(CH3;—) 3 a 93 
(H) 3 25-27 95 
4-HBr—) 5 48 86 
4-(Cl—) 3 39-42 95 
4-(F—) 30 (72/1.0) 85 
3-(F—) 34 (74-77/1.0) 94 
4-(NO,—)’ 72 64-66 83 


* Decomposed upon distillation to produce an isocyanate by 
Curtius rearrangement. 

» Required use of two equivalents of M SiN, and one equiva- 
lent of ZnlI,. 
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and preserved. The aqueous layer is extracted with two 100-ml portions of 
methylene chloride. The methylene dichloride solutions are combined, 
washed once with 5% aqueous sodium thiosulfate, and then washed with two 
100-ml portions of cold water. The organic layer is then dried over anhydrous 
magnesium sulfate and filtered. The solvent is evaporated off. The residue 
may be recrystallized or, with sufficient care, distilled. Table III gives details 
of starting materials, reaction times, and physical properties. 

Preparation 2-5 is an example of the preparation of an aromatic sulfonyl] 
azide from sulfonyl chloride. 


2-5. Preparation of o-Nitrobenzenesulfonyl Azide [43] 


S$O,Cl SO2N3 
NO2 NO, 
+NaN; acetone+ H20 (13) 


A Stirred solution of 5.0 gm (0.077 mole) of sodium azide in 75 ml of acetone 
is cooled to —10°C while 15 gm (0.66 mole) of o-nitrobenzenesulfonyl 
chloride dissolved in 75 ml of acetone is added dropwise. The reaction mixture 
is stirred for 1 hr at —10°C and for | hr at room temperature. The solution is 
filtered and diluted with 500 ml of ice water. The yellow product is removed by 
filtration, washed with water and dried. The product is dissolved in 150 ml of 
warm ethanol and freed from any insoluble material by filtration. The clear 
filtrate is cooled to afford 12.0 gm (80%), m.p. 71°-73°C. 

Using a similar procedure, p-toluenesulfonyl azide is prepared in 65% 
yield, m.p. 10°-20°C [43]. 

Benzenesulfony] azide has been reported [42] to decompose violently on 
heating, especially if it is in the dry solid state. 

The preparation of azides using other acid halides follows a procedure 
similar to that for o-nitrobenzenesulfonyl azide. Reference [25] gives one 
preparation of methanesulfonyl azide, the azides of 4-bromo-, 4-methoxy-, 
3-nitro-, and 4-nitrobenzenesulfonic acid, and 2-naphthalenesulfonic acid. 

The reagent trifluoromethanesulfonyl azide (“triflyl azide”) may be pre- 
pared rapidly by treating trifluoromethanesulfonyl anhydride at 0°C with 
aqueous sodium azide. The product separates as a water-insoluble layer. 
However, at least one explosion took place during this synthesis [66]. On the 
other hand, when the preparation was carried out in the presence of an 
organic solvent such as methylene chloride (evidently reaction conditions are 
such that no significant reaction with sodium azide and at least one of the 
chlorines of CH,Cl, takes place), N,N-dimethylformamide, tetrahydrofuran, 
dimethyl] sulfoxide, dioxane, acetonitrile, methanol, acetone, or aliphatic 
amines which are used as coreagents, no difficulty was reported [66]. 
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2-6. Preparation of Trifluoromethansulfonyl Azide (Triflyl Azide) [66] 


(CF,SO,),0 + NaN; ——2 "+ CF,SO,N, + Na(CF;SO3) (14) 

With suitable safety precautions, to a rapidly stirred dispersion of 8 gm 
(0.16 mole) of sodium azide in 20 ml of water and 25 ml of methylene chloride 
maintained at 0°C is slowly added 7.06 gm (0.005 mole) of trifluoromethane- 
sulfonyl anhydride. The low temperature and stirring are continued for 2 hr. 
The lower, organic layer is separated and preserved. The aqueous layer is 
extracted with two 25-ml portions of methylene chloride. The resulting trifly] 
azide solution may be stored for at least 24 hr. It should not be allowed to dry 
out since an explosion occurred when no organic solvent was present. The ir 
spectrum has peaks at 4.65 and 7.1 and three peaks between 8 and 9 yw. 

Zaloom and Roberts [21] suggest that residual traces of acid be removed 
by washing the product solution with 1 N aqueous sodium hydroxide prior 
to use. They assume that the yield of the reaction is 50%. The reagent 
solution may be used for the preparation of azides from aliphatic amines, 
including tertiary amines and amino acids (see below). 

Acetyl azide, prepared in situ by adding a solution of acetyl chloride in 
methylene chloride at 5°C to an aqueous solution of sodium azide, has been 
proposed as an azidation agent under nonbasic conditions [27]. The 
procedure appears to be suitable for converting labile methylol amine 
derivatives to the corresponding azide (Eq. 15). 


R R 


\ CH3COBr 
N—CH,OH ———> JN CHaOhe mesa le 


R R 
\ CH3CONs \ 
N—CH,Br —————> N—CH.N,_ (15) 


R R 


The actual example of this reaction cited in [27] is for synthesis of an 
analog of a high explosive, 1-(azidomethyl)-3,5,7-trinitro-1,3,5,7-tetraaza- 
cyclooctane. Whether the process is applicable to more mundane starting 
materials (as we have indicated in Eq. 15) will yet have to be determined. 

The direct conversion of alcohols to azides appears to be of limited utility. 
At one time it was thought that azides could only be prepared from alcohols 
which formed carbonium ions readily by the reaction of hydrogen azide in 
trichloroacetic acid. For example, benzhydrols and trialkyl carbinols were 
reacted with these reagents to form azides [67]. Sulfuric acid has been 
substituted for trifluoroacetic acid in recent procedures. It is assumed that 
either acid causes carbonium ion formation prior to the reaction with azide 
ions [68]. 

Preparation 2-7 is an example of the reaction involving a triarylcarbinol. 
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2-7. Preparation of Triarylmethyl Azides [69] 
(CsHs)3COH + NaN; + H,SO, —— (CsHs);C—N3 (16) 


With suitable safety precautions, to an ice-cooled flask containing 5 gm 
(0.077 mole) of sodium azide, 5 ml of water, 20 ml of chloroform, and 5 gm 
(1.019 mole) of triphenylcarbinol in 50 ml of chloroform is added dropwise 
with stirring 5 ml of concentrated sulfuric acid. After 1 hr the mixture is 
neutralized with sodium hydroxide and the chloroform solution is separated, 
dried, and concentrated under reduced pressure to yield an oil. Recrystalliza- 
tion of the oil from hexane affords 4.8 gm (88%), m.p. 64°-65°C. 

Sasaki and co-workers have extended this reaction in recent years to the 
conversion of corresponding bridgehead azides, using sodium azide and 57% 
aqueous sulfuric acid [70a-d, 71]. A modification of the workup procedure 
was suggested by Kovacic and co-workers [72, 73]. 


2-8. General Procedure for the Preparation of Bridgehead 
Azides from Alcohols [70a] 


NaN3/57%H2SO. 
OH SE ees N, (17) 


96% 
1-azidoadamantane 


With suitable safety precautions, 10 ml of 57% aqueous sulfuric acid is 
prepared and cooled in an ice bath. With rapid stirring, 10 ml of chloroform 
and 10mmole of the bridgehead alcohol are added. To the resulting 
dispersion is added in small increments 1.30 gm (20 mmole) of sodium azide. 
The ratio of sodium azide to alcohol is varied with different alcohols from 2.0 
to | to 4.3 to 1. The addition of sodium azide requires approximately 0.5 hr. 
The resulting mixture is allowed to warm to room temperature with stirring. 
Stirring is continued from 2 to 27 hr, depending on the nature of the organic 
starting material. Then the reaction mixture is poured into ice water. The 
product is extracted with four 10-ml portions of methylene chloride. The 
combined extracts are washed in turn with 10 ml of 5% aqueous sodium 
bicarbonate and 5 ml of water. The product solution is dried over anhydrous 
sodium sulfate and filtered. The solvent is then evaporated off under the 
reduced pressure of a water aspirator to afford the azide. Some of the azides 
may be purified further by recrystallization from aqueous methanol and by 
sublimation. Some oily azide products may be purified on a silica gel column, 
eluting with n-hexane-methylene chloride or by “Kugelrohr” distillation. 
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The yields are reported to be in the range 70 to 80 %. Infrared spectra (neat 
films for oily azides, KBr pellets for solids): 2090 to 2100 cm™?. 

(The acidic aqueous layer from the reaction is made basic with 50% 
aqueous sodium hydroxide and extracted with five 10-ml portions of 
chloroform. The chloroform extract is dried over anhydrous sodium sulfate 
and evaporated to dryness. From the residue various rearrangement 
products may be isolated.) 

Table IV outlines the specific reaction conditions used with various 
bridgehead alcohols. 

The modification of this procedure by Kovacic and co-workers for the 
preparation of 1-azidomantane included increasing the reaction time to 
4-4.5 hr. The purification was carried out either by dissolving the crude 
product in n-hexane, filtering, and evaporating the solvent off under reduced 
pressure [72] or by dissolving the crude product in methanol and precipitat- 
ing it by cooling the solution in a Dry Ice-acetone bath, followed by 
sublimation [73]. 


B. Diazo Transfer Reactions 


The synthesis of diazo compounds in which a preformed N, group is 
transferred from one reagent to another with an exchange of two hydrogens 
has been termed a diazo transfer reaction. The application of this process to 
the formation of aliphatic diazo compounds is discussed in Volume I of this 
edition, p. 483 ff. There, the reaction of tosyl azide with an active methylene 


TABLE IV 


SYNTHESIS OF BRIDGEHEAD AZIDES FROM ALCOHOLS [70a] 


Reaction 
Mole ratio time (hr) 
of NaN, to (including NaN; Yield of 
Alcohol alcohol addition) azide (%) M.p. (°C) 
1-Hydroxyadamantane 2.0 3.0 96 78.5-79* 
1-Hydroxy-3,5-dimethyl- 3.0 2.0 72 27 
adamantane 
1-Hydroxy-3,5,7-trimethyl- 3.0 24.0 76 15 
adamantane 
1-Hydroxybicyclo- 4.3 2.0 70 20 
[3.3.1 Jnonane 
3-Hydroxyhomoadamantane 4.0 27.0 73 97-98° 
* Ref. [72]. 


» Ref. [73]. 
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compound is used to illustrate the preparation of a diazo compound (cf. 
Eq. 18). 


{| | TsN3 ll Il 
CH;—S—C—CH,—C—OCH, — > ae ae (18) 
3 


N, 


Sasaki and co-workers [71] applied the same approach to converting 
bridgehead amines to bridgehead azides. 


2-9. Preparation of 1-Azidobicyclo[ 2.2.2 Joctane [71] 


TsN3 
Eee ge as) 


NH, N; 


With suitable safety precautions, an ice-cooled stirred dispersion of 600 mg 
of a 6% dispersion of sodium hydride in mineral oil (25 mmole) in 20 ml of 
anhydrous tetrahydrofuran, under nitrogen, is treated in turn with a solution 
of 125 mg (1.0 mmole) of 1-aminobicyclo[2.2.2]octane in 2 ml of THF and 
with a solution of 300 mg (1.52 mmole) of p-toluensulfonyl azide in 2 ml of 
THF. The mixture is allowed to warm to room temperature with stirring. 
Stirring at room temperature is continued for 2 days. To the mixture is then 
added, cautiously, with ice cooling, 2 ml of methanol. Then the mixture is 
poured over an ice-water mixture. The aqueous mixture is extracted with 
four 10-ml portions of peroxide-free ether. The combined extracts are washed 
with 20 ml of water, dried over anhydrous magnesium sulfate, and evapor- 
ated under reduced pressure. The oily residue is put on a silica gel column 
and eluted with n-pentane. The product is isolated as a colorless oil. Yield: 
126 mg (83 % of theory); H NMR (CDCI) 6 1.66 (s), mass spectrum m/Z 151 
(M*). 

Cavender and Shiner [66] used freshly prepared triflyl azide for the diazo 
transfer reaction to prepare n-hexyl azide and 2,4,4-trimethyl-2-pentyl azide 
from the corresponding primary amines in methylene chloride solution with 
2,6-lutidine as the base. This method seems preferable to the one given in 
Preparation 2-9 since it does not require handling sodium hydride disper- 
sions and, perhaps more important, when trioctylmethylammonium chloride 
is used as a base catalyst, optically pure amino acids can be converted to 
azido acids without racemization. Esters of amino acids have also been used 
in this preparation [21]. 
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2-10. Preparation of Ethyl L-Azidopropanoate [21] 


O 
ll CF3SO2N3 lI 
CH,—CH—C—OC,H, TOuaccr: SUR err (20) 
NH, N, 


With suitable safety precautions, to a solution of 5.73 gm (0.049 mole) of 
ethyl L-aminopropionate (L-alanine, ethyl ester) in 10 mi of methylene 
chloride is added a solution of triflyl azide in methylene chloride. (See 
Preparation 2-6 for the synthesis of triflyl azide. For the present experiment, 
four times the scale of Preparation 2-6 will be needed.) Then 0.4 gm (ca. 0.1 
mmole) of trioctylmethylammonium chloride is added and the reaction 
mixture is stirred with a magnetic stirrer at room temperature for 10 to 15 hr. 
The progress of the reaction may be monitored by gas chromatography (6 ft., 
SE 30/Chromasorb W). Then the reaction mixture is washed with two 30-ml 
portions of 0.5 N citric acid. The methylene chloride layer is dried over 
anhydrous sodium sulfate, filtered, and evaporated under reduced pressure. 
The residual azide ester is distilled under reduced pressure. Yield: 4.32 gm 
(62% of theory); b.p. 70°-74°C (at water aspirator pressure). 


C. Reactions with Aromatic Diazonium Salts 


Aromatic amines may be diazotized by conventional treatments with acids 
and sodium nitrite. The resulting diazonium salts are then stirred with 
sodium azide (without the addition of copper or copper salts, which might 
lead to the formation of very explosive copper azide) to form the correspond- 
ing aromatic azide. 

Huisgen and Usgi [57] presented evidence for the intermediate formation of 
a pentazene when the benzene diazonium ion reacted with the azide ion 
(Eq. 21). 


N==N 
| | 
ArN,*N,~ ———> oN gh —— > ArmN;+N, (21) 
Y 
N 


The pentazene then decomposes to an aromatic azide and nitrogen. This dual 
decomposition was shown by the '°N activity of the products (starting with 
*SN in the diazonium only), 82.5% !5N in CgH,N; and 17.5% in N3. 

Preparation 2-11 is an example of the preparation of an aromatic azide by 
the diazotization procedure. To be noted is that even an ortho-substituted 
compound undergoes the reaction. 


338 13. Azides 


2-11. Preparation of 2-(2-Azidophenyl)-5-methylbenzotriazole [58] 


SS ae + NaNO,+HCI ——> 
CH ZN 3 N 
CK} NaNs, me N (22) 
/ / 
oe N 
N3 


N3 Cl- 


To 10 mi of 6N hydrochloric acid is added 0.28 gm (1.25 mmole) of 2-(2- 
aminophenyl)-S-methylbenzotriazole. The solution is cooled to 0°C and 
diazotized by the addition of 0.10 gm (1.45 mmole) of sodium nitrite in water. 
After stirring for 15 min, 0.18 gm (2.5 mmole) of sodium azide in water is 
added. The reaction mixture is allowed to stand for 3 hr, then filtered ; the solid 
is washed with water and dried to afford 0.26 gm (84%) of colorless needles, 
m.p. 83.7°-84°C (from ethanol). 

Other examples of the preparation using diazonium salts as intermediates 
are the preparation of methyl 4-azido-2-methoxybenzoate and 3,4-dimeth- 
oxyphenyl azide [74]; o-diazidobenzene [75]; o-diazidotoluene, related 1,2- 
diazidobenzene derivatives, 1,2-diazidonaphthalene [23]; o-azidoaniline, 8- 
azido-1-naphthylamine, 2-azido-2’-biphenylylamine, and o-iodophenyl azide 
[76]; and p-azidoacetophenone [77]. 

In the case of the preparation of azidoindoles and azidotryptophans, the 
indole nuclei are sensitive to strong mineral acids used in diazotization 
procedures. Substituting 80% aqueous acetic acid for dilute hydrochloric 
acid in the diazotization step led to good yields of azido derivatives [78]. 


2-12. General Procedure for the Preparation of Azidoindoles and 
Azidotryptophans [78] 


NH, N; 


ou NaNO2/80%HOAc ow (23) 
0°, NaN3 
N N 


H H 

With appropriate safety precautions, in a 200-ml flask fitted with a 
magnetic stirrer, 0.5 gm of the aminoindole or aminotryptophan dissolved in 
80 % (v/v) aqueous acetic acid is cooled with an ice bath to 0°C. With stirring 
1.1 equivalent of sodium nitrite is added. After stirring for 5 min, 1.1 
equivalents of sodium azide dissolved in 1 mi of ice-cold water is added. The 
mixture is stirred at 0°C for 2.5 hr. Then the reaction system is evaporated 
under reduced pressure at 30°C to dryness. 
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A typical workup of the product is the case of the preparation of 4- 
azidoindole. From 0.506 gm (3.83 mmole) of 4-aminoindole a black tar is 
obtained. To this tar is added 25 ml of water and 25 ml of diethyl ether. The 
ether layer is separated and preserved. The aqueous layer is extracted with 
three 25-ml portions of diethyl ether. The ether layers are combined and 
evaporated to dryness at room temperature. The residual tar is purified by 
column chromatography, using chloroform as the eluant. Yield: 0.283 gm 
(47% of theory). The orange solid had a melting point of 68°-69°C; ir 2111 
(N3) cm™'. 

In the preparation of 5-azidoindole, a crude dark solid is isolated. This is 
purified by a crystallization procedure, m.p. 84°-85°C (88 % yield), ir 2104 
(N,) cm~'; and 6-azido-L-tryptophan is isolated in 54% yield, m.p. approxi- 
mately 190°C dec. (evacuated, sealed tube), ir 2110 (N3) cm™!. 

Diazonium salts have also been converted to azides by treatment with a 
variety of nitrogen compounds such as hydrazine [79], hydroxylamine [80], 
ammonia and bromine [81], and arylsulfonamides [82]. In his review of the 
Curtius reaction, Smith mentions the formation of acyl azides from aromatic 
hydrazides by the action of diazonium salts rather than by nitrous acid. This 
is a process due to Curtius and co-workers [83]. 


D. Reaction of Nitrous Acid with Hydrazine Derivatives 


This method allows conversion of either a hydrazine or a hydrazide into an 
azide (Eqs. 24, 25). Phenyl azide has been prepared from phenylhydrazine 
and nitrous acid in 65-68 % yield by this method [84]. 


RNHNH,+HNO, ——»> RN; + 2H2,0 (24) 
RG—NHNH, + HNO; ——> RE—N) + 2H:0 (25) 
c@) oO 


Several substituted benzazides have also been prepared from the hydrazides 
shown in Table V [85]. 

The preparation of succinamoy] azide, in 57% yield, has been reported by 
interaction of succinamoyl hydrazide and a molar equivalent of nitrosyl 
chloride [86]. 


2-13. Preparation of Phenyl Azide [84] 


C\ aint 20, aren ( \-ny+2n20 (26) 
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TABLE V 


MELTING POINTS’ OF SUBSTITUTED BENZAZIDES, 
BENZHYDRAZIDES, AND DIPHENYLUREAS [85] 


sym-Diphenyl- 

Azides, Hydrazides, ureas, 
Substituents m.p. (°C) m.p. (°C) m.p. (°C) 
H 27 — 237 
p-HO® 132 255-256 Dec. 
p-CH,0°4 70-71 136 233-234 
p-C2H;04 31 128 224 
p-t-C4Ho* 63-65 134 281 
p-CH3°" 35 117 263 
p-Br? 47 164 244-246 
p-Cl* 43 163 305 
p-NO,?! 65 209-211 308-311 
m-CH;?! Liquid 97 210-211 
m-CH30° Liquid 109 
m-Br? Liquid 153 260 
m-NO,?! 68 154 242 

* All melting points are uncorrected. > T. Curtius, A. Struve, and 


R. Radenhausen, J. Prakt. Chem. [2] 52, 227 (1895). EC, 
Naegeli, A. Tyabji, and L. Conrad, Helv. Chim. Acta 21, 1127 (1938). 
4p. P. T. Sah and Kwang-Shih Chang, Chem. Ber. 69, 2762 (1936); 
R. Robinson and M. L. Tomlinson, J. Chem. Soc. 1524 (1934). 
°H. Yale, K. Losee, J. Martins, M. Holsing, F. M. Perry, and 
J. Bernstein, J. Amer. Chem. Soc. 75, 1933 (1953). ST. Curtius 
and H. Franzen, Chem. Ber. 35, 3239 (1902). ° T. Curtius and E. 
Portner, J. Prakt. Chem. [2] 58, 190 (1898). *C. H. Kao, H. Y. 
Fang, and P. P. T. Sah, J. Chin. Chem. Soc. 3, 137 (1935); Chem. 
Abstr. 29, 6172 (1935). 'T. Curtius and O. Trachmann, J. Prakt. 
Chem. [2] 51, 165 (1895). JR. Stolle and H. P. Stevens, ibid. [2] 
69, 366 (1904). * Reprinted from Y. Yukawa and Y. Tsuno, 
J. Amer. Chem. Soc. 79, 5530 (1957). (Copyright 1957 by the 
American Chemical Society. Reprinted by permission of the copy- 
right owner.) 


To an ice-cooled (0°C to.—10°C) stirred flask containing 300 ml of water and 
55.5 ml of concentrated hydrochloric acid is added dropwise over a 10 min 
period 33.5 gm (0.31 mole) of freshly distilled phenylhydrazine. Phenyl- 
hydrazine hydrochloride crystals precipitate as they are formed. Addition of 
100 ml of ether at 0°C is followed by the dropwise addition (25 min) of a solu- 
tion of 25 gm (0.36 mole) of sodium nitrite in 30 ml of water. At all times the 
reaction temperature is kept below 5°C. 

The product is isolated by carrying out a steam distillation of the reaction 
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mixture to yield 400 gm of distillate. The ether layer is separated from the dis- 
tillate, and the water layer is extracted with 25 ml of ether. The combined ether 
layers are concentrated at 25°-30°C under reduced pressure. The residue is dis- 
tilled under reduced pressure to afford 24-25 gm (65-68 %) of phenyl azide, 
b.p. 49°-50°C (5 mm). 


CAUTION: Phenyl azide decomposes violently when heated at 80°C or 
above. Care must be taken that the bath temperature never exceeds 60°-70°C. 
The product should be stored in a cool place in brown bottles. 


The preparation of acyl azides from hydrazides is of particular interest for 
their biochemical applications. As illustrated in Eq. (1), polymers which bear 
acyl azide functional groups act as substrates for binding proteins to the 
polymer chains. For example, a particular antibody may be bonded to a 
polymer while retaining the biochemical activity of the antibody. This resin 
may then be used to ascertain whether a particular antigen is present in a 
serum. By this means various diseases may be diagnosed [87]. Preparation 2- 
14 illustrates the preparation of a polyacrylazide from cross-linked poly- 
acrylamide. A similar procedure for the preparation of a polymeric acyl azide 
from a monodispersed poly(styrene-coacrylamide) latex is described in the 
patent cited in [87]. 


2-14. Preparation of Cross-Linked Poly(acrylazide) [11] 


C= On + NH,NH, ———> cH on 
CONH, /, CONHNH, }, 


CH,—CH + HNO, —— CH,—CH 
| (28) 
CONHNH, /, CON;/, 


(a) Preparation of poly(acrylhydrazide). In a siliconized glass-stoppered 
Erlenmeyer flask, 1 gm of cross-linked polyacrylamide beads are allowed to 
swell overnight in an excess of distilled water equal to approximately 1.3 
times the bed volume of the gel. The flask is then suspended in a constant- 
temperature bath maintained at 47°C. At the same time, a glass-stoppered 
cylinder gontaining six times the number of equivalents of the acrylamide in 
the resin of hydrazine hydrate is immersed in the constant-temperature bath. 
After about 45 min, the hydrazine is added to the swollen polyacrylamide, a 
magnetic stirrer is inserted in the flask, the flask is stoppered, and the mixture 
is stirred at 47°C for 7 hr. 

In a fume hood, the gel is washed with 0.1 M aqueous sodium chloride on a 
Biichner funnel and finally by sedimentation. This washing operation is 
repeated until the aqueous supernatant solution is free of hydrazine. The gel 
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is finally washed and suspended in a storage buffer at pH 7.3, which is 0.20 M 
sodium chloride, 0.002 M Na,EDTA, 0.10 M boric acid, 0.005 M sodium 
hydroxide, and 5 x 10~° M pentachlorophenol. The resin is reported to 
contain approximately 4 milliequivalents of hydrazide per gram of dry resin. 


(b) Preparation of poly(acrylazide). About 50 ml of the polymer from 
step (a) is washed with 0.1 M aqueous sodium chloride and 0.25 N hydro- 
chloric acid and resuspended to a 32-ml volume with 0.25 N hydrochloric 
acid. The suspension is cooled to 0°C. Then 8 gm of crushed ice is added. 
The container is placed in an ice bath and, with efficient magnetic stirring, 
4.0 ml of 1.0 M aqueous sodium nitrite is added. 

About 90 sec later, the reagent to be coupled to the resin (e.g., a protein 
with free amino groups) is added rapidly while maintaining cooling at 0°C. 
Stirring is continued for the reaction period required for the specific protein 
involved (see [11] for typical examples). 

The excess unreacted azide is reconverted into the hydrazide and then to 
the stable acetyl hydrazide by adding 1.5 ml of hydrazine hydrate and stirring 
for 0.5 to 1 hr, followed by washing on a Buchner funnel in turn with 100 ml 
of 0.1 M aqueous sodium chloride, 100 ml of 0.2 M aqueous sodium acetate 
in which 4ml of acetic anhydride was dissolved immediately before the 
washing, 100 ml of 0.1 M aqueous sodium chloride, 50 to 100 ml of 2M 
aqueous sodium chloride, and a storage buffer. 

Inman and Diutzis [11] projected in 1969 that among the uses of such 
reactive polyacrylamide derivatives would be those involving separations 
such as antigens with antibodies which had been bound to a polymer, 
enzymes with substrates, and molecules having free sulfhydryl groups with 
mercurials bound to the resin. Indeed, this approach of binding or complex- 
ing biochemical reagents to a polymer for selective reaction with suitable 
materials is currently of great interest. For example, in the laboratory of one 
of the authors (W.K.) we are developing a variety of polymeric particles 
—some of highly uniform particle size ranging from 0.1 to 20 u in diameter, 
some with a variety of dyes or fluorescent reagents incorporated, some with 
reactive functional groups on their surfaces, and some also encapsulating 
pigment or metal particles. 


3. ADDITION REACTIONS 


An azide group may be introduced into a compound by the addition of IN, 
[88, 89] or HN; [90-93] to an unsaturated center. A sodium azide solution 
in water and an acetic acid solution of acrolein were found to produce 
3-azidopropanol in 63% yield [94]. Metallic azides may also be used for 
addition reactions with epoxy groups [95-98]. 
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Oliveri-Mandala found that HN, adds to benzoquinone to give azido- 
hydroquinone [99]. Extension of this reaction to acetylenes led to triazoles 
[100] but failed entirely with cinnamic acid, fumaric acid, styrene, vinyl 
bromide, ethylene, and other olefinic compounds [101]. 


A. Addition of Azides to Olefins 


Activated double bonds, such as the olefinic bonds in «,f-unsaturated 
carbonyl compounds, were found by Boyer [92] to add hydrazoic acid 
(Eq. 29). 


RRCSCH-CHSORHNS Se RR CHO (29) 
R Ns R 


Reaction works with 


Reaction fails with 

R = OH, R’=C,Hs, R’=H 

R=R’=H, R’ = CeHs 

R = OC.Hs, R’ ro C.Hs, R’ = H 

R=NHCH;, R’=C.Hs, R’=H 

R=R’=(C,Hs, R”=H 

Some of the results and physical properties of the products are summarized 
in Table VI. 


3-1. General Procedure for the Addition of Hydrogen Azide to Olefins [92] 


To 0.2 mole of an olefin dissolved in 30 ml of glacial acetic acid is added 
19.5 gm (0.3 mole) of sodium azide in 75 ml of water. The addition to acrolein 
and B-nitrostyrene underwent rapid addition, requiring cooling with an ice-salt 
bath and slow addition of the sodium azide. Addition to methyl acrylate, acry- 
lic acid, and acrylonitrile required 1-3 days at room temperature, «-vinyl 
pyridine and mesityl oxide required heating for 24 hr on a steam bath. Other 
olefins underwent no reaction even after 7 days of heating and were recovered 
unchanged. 

The reaction mixture is poured into water and extracted with ether. The ether 
layer is washed with sodium carbonate solution (except for the case of B-azido- 
propionic acid) and dried over magnesium sulfate. The ether is removed by 
passing an air stream through the ether layer. The oily azide residue is purified 
by distillation at reduced pressure except for B-azidopropionaldehyde and 
-nitro-«-phenyl-a-azidoethane, both of which decompose on heating. Several 
examples using this procedure are recorded in Table VI. 


SoME PRODUCTS, AND THEIR PHYSICAL PROPERTIES, OF ADDITION OF AZIDES TO OLEFINS 


MRp 


TABLE VI [92] 


HN, addition Yield B.p.,°C _Analyses (%) Decomp. by 
Olefin product (%) (mm Hg) Calcd. Found nie d?§* Caled. Found — conc. H,SO,4 
CH2=CHCHO N;CH,CH.2CHO? 71.0 — Not attempted — —_ — — Violent at 0°C 
CH,==CHCO,CH; N3;CH,CH,CO,CH; 35.4 40-45 (1) C, 37.20 37.32 1.4408 = 1.139 30.0 29.8 Vigorous at 60°C 
H, 5.47 ~ 5.51 
CH,—CHCO,H N3;CH,CH,CO,H 24.0 80(1) CC, 31.31 30.90 1.4645 —_ —_ — Vigorous at 60°C 
H, 4.28 4.15 
N, 36.51 36.76 
CH; CH; 
ee eee N3;—C—CH.2COCH3 38.0 57-58 (3) C, 51.04 51.68 1.4428 0.9955 37.7 37.6 Vigorous at 25°C 
| H, 7.86 7.97 
CH; N, 29.77 29.98 
CsHs—CH==CHNO, C,HsCHCH,NO,‘ 69.0 — Not attempted —_— — —_— — Violent at 0°C 
N; 
CH,=CHC=N N3;CH,CH,C=N 17.3 64€1) CC, 37.50 38.38 1.4570 1.1138 23.4 23.5 Vigorous at 60°C 
H, 4.20 4.09 
N, 58.30 58.04 
C;H,NCH=CH,4 C;H4sNCH2CH2N3 49.5 65 (1) C, 56.74 56.61 1.5289 1.1122 41.0 41.1 Vigorous at 60°C 
H, 5.44 5.35 
N, 37.82 37.39 


“ The refractive indices for methyl! 8-azidopropionate and 1-«-pyridyl-2-azidoethane were determined at 25°C. 


* This compound decomposed on standing at room temperature or in the refrigerator and regenerated acrolein, identified by its color. An 
anhydrous 10% chloroform solution was successfully stored in the refrigerator for several weeks with no decomposition. 
* Attempts to reduce this compound using stannous chloride led only to the oxime of phenylacetaldehyde, the reduction product, under these 


conditions, of B-nitrostyrene. 
4 g-Vinyl pyridine. 


* Reprinted from J. H. Boyer, J. Amer. Chem. Soc. 73, 5248 (1951). (Copyright 1951 by the American Chemical Society. Reprinted by permis- 


sion of the copyright owner.) 
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Aryl azide, acyl azide, sulfonyl azides, and azidoformate add to olefins by a 
1,3-dipolar cycloaddition mechanism to yield triazoline. This addition also 
occurs with other unsaturated systems such as «,f-unsaturated olefins, and 
enamines [102, 103]. 

The addition of cyanogen azide to hydrocarbon olefins leads to N- 
cyanoaziridines [104]. 

The addition of iodine azide, prepared in situ, to olefins leads to iodo azides, 
which, under certain reaction conditions, may dehydrohalogenate to viny] 
azides. Preparation 3-2 illustrates the addition reaction to an olefin. A related 
reaction, also by Hassner and co-workers, is outlined in Eqs. (8) and (9) 
[60, 61]. 


3-2. Preparation of 2-Azido-1-iodo-2-methylpropane [105] 
CH; 


CHy—C—CHiI (30) 
N; 


acetonitrile 


IC] + NaN; + (CH;),C=CH> 


A flask. containing 15.0 gm (0.25 mole) of sodium azide in 100 ml of aceto- 
nitrile is stirred and cooled in an ice bath while 18.3 gm (0.113 mole) of iodine 
monochloride is added overa 10-20 min period. After stirring for an additional 
5-10 min, 5.6 gm (0.1 mole) of isobutylene is added and then the reaction is 
allowed to warm to room temperature for 20 hr. The red-brown slurry is 
poured into 250 ml of water, extracted with 100 ml of ether three times, washed 
with 150 ml of 5% sodium thiosulfate, washed four times with 250 ml portions 
of water, and dried over magnesium sulfate. The ether is removed at reduced 
pressure, leaving a slightly orange oil. Distillation behind a barricade yields 
13.5 gm (60%), b.p. 68°-69°C (7 mm), n2> 1.5292. 


CAUTION: Distillation is not recommended when using olefins boiling 
higher than hexene, because the iodo function is labile and violent decomposi- 
tion of the azido function may occur when the adducts are heated. 


Dehydrohalogenation of the iodo azides yields vinyl azides, and several 
examples have been reported [89]. (See Table VII for examples.) 

Harvey and Ratts [106] also reported that vinyl azides can be prepared by 
the addition of azide ion to conjugated allenic esters as in Eq. (31). A 
terminally disubstituted allene ester or amide does not give a vinyl azide even 
after several hours of heating. 


R R 
I | 
CH»=C=C—COOC)H; — CH;—C=C—COOC)H,; (31) 
HO. i} 3 


R = Hor CH; 


TABLE VII** [89] 


SYNTHESES OF JODO AZIDES AND VINYL AZIDES 


Olefin 


PhCH=CH, 


t-BuCH,CH=CH) 


t-BuCH=CH;? 


CH;CH—CHCH; (cis) 


B-Iodo azide 


PhCHCH,I 
| 
N; 
t-BuCH,CHCH,I 
l 
N3 
t-BuCHCH2N3 
| 
I 
CH;CHCHCH; (threo) 
| | 
N2 I 


(CH3)2CHCH==CHCH; (cis) (CH3)2CHCHCHCH; (threo) 


CH;CH=CHCH; (trans) 


EtCH=CHEt (trans) 


PhCH==CHCH; (trans) 


t-BuCH=CHCH,; (trans) 


CH3;CH==CHCO.Et (trans) 


PhCH=CHCO,CH, (trans) 


CH2=CHCO,CH; 


(CH3)2>CHCH=CH? 


| | 
I N;3 

CH;CHCHCH; (erythro) 

1 | 

Nj I 
EtCHCHEt 
et 

N31 
PhCHCHCH;, 

| | 

N3 I 
t-BuCHCHCH; 

i | 

I N; 
CH;CHCHCO;Et 

fret 

N; I 
PhCHCHCO,CH, 
eae 

Nj I 
CH,CHCO,CH; 
| | 
N; I 
CH,CHCO,CH; 
1 | 
I N; 
Mixture 


Unsaturated azide 


PhC==CH; 
| 
N3 
t-BuCH,C=CH)> 
| 
N3 
t-BuCH=CHN;3 


CH;C=CHCH; (trans) 
| 
N3 
(CH3)2CHC=CN; (trans) 
1 | 
H CH; 
CH;C=CHCH; (cis) 
| 
N; 
EtC=CEt (cis) 
| | 
N; H 
PhC=CCH; (cis) 
| | 
N; H 
t-BuC=CCH; (cis) 
[4 
H N3 
CH;C=CCO,Et (cis) 
1 | 
N; H 
PhC=CCO,CH, 
| | 
N; H 
HC=CCO,CH3 
| | 
N; H 
CH2==CCO,CH; 
| 
N3 
(CH3)2CHCH=CHN3 
(CH3)2CHC=CH, 
| 
N3 


ea ST 


“ All compounds gave NMR spectra consistent with their structure is indicative of high 
purity; the mass spectra of these compounds often show absence of parent peaks but are 


consistent with their structure 


» Reprinted from A. Hassner and F. W. Fowler, J. Org. Chem. 33, 2687 (1968). (Copyright 
1968 by the American Chemica! Society. Reprinted by permission of the copyright owner.) 
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The azides of the 1,1-diphenyl series were prepared by adding hydrogen 
azide to the appropriate olefin. The reaction was catalyzed by trichloroacetic 
acid and carried out in benzene solution [107]. 


B. Addition of Azides to Epoxides 


Sodium azide reacts with various epoxides at 25°-30°C at pH 6-7 to give 
azido alcohols [95-97]. The use of harsh conditions as earlier employed by 
Van der Werf et al. [97] (16-40 hr reflux in dioxane) led to the production of 
1,3-diazidopropanol instead of 1-azido-3-chloro-2-propano] when starting 
with epichlorohydrin. Several representative examples of the conditions and 
products of the reaction of azides with epoxides are shown in Table VIII. 

The preparation of 1-azido-2-propanol (0.49 mole) from 1-chloro-2- 
propanol and sodium azide (0.51 mole) in 33% aqueous ethanol (by volume) 
has been reported to give a 55% yield [9a]. 

The example in Preparation 3-3 illustrates the general applications of the 
azide epoxy reaction to large molecules. 


3-3. Preparation of 6B-Azido-5a,1la-dihydroxypregnane-3 ,20-dione 
Bis[cyclic ethylene ketal]-11-acetate [108] 


AcO, 
+NaN; ——~> 6 (32) 
Kb HO N; 
(1) C27H 4007 (ID) Cy7H4iN307 


With suitable safety precautions, 10 gm (0.021 mole) of (1) and 5.0 gm 
(0.077 mole) of sodium azide is added to 200 ml of dioxane and 50 ml of 
water. The solution is refluxed under a nitrogen atmosphere for 5 days, 
cooled, treated with Darco G50 (2 mg), and diluted to 500 ml with water. The 
solid product is filtered, washed with water, and dried at 60°C under reduced 
pressure to afford 9.19 gm (83% crude), m.p. 164°-230°C. This material is 
adsorbed onto 275 gm of Fluorsil in methylene chloride and eluted with 
twenty-one 375 ml fractions of Skellysolve B over the range 5-20% acetone. 
On combination, fractions 4-10 are concentrated and then recrystallized 


TABLE VIII 


PREPARATION OF ORGANIC AZIDE COMPOUNDS BY THE REACTION OF SODIUM AZIDE WITH 
EPOXIDES IN AQUEOUS SOLUTION [98] 


Reactants 
Epoxide NaN; H.20O Temp. Time B.p., °C as Yield 
(moles) (moles) (ml) (°C) (hr) pH Product (mm Hg) ne (gm/ml) (%) 
Propylene oxide, 1.0 1.54 2509-25 24 1-Azido-2-propanol 72-74 (21) 1.4533 1.060 70 
Epichlorohydrin, 6.25 7.0 1500 25-30 8-9 6-9 1-Azido-2,3-propane- 92-95 (0.3) 1.4892 1.2581 65 
(use HCIO,) diol 
MegcClo, 
Epichlorohydrin, 1.3 1.8 700 0-5 24 0.8 mole 1-Azido-3-chloro- 44-48 (0.5) 1.4918 1.291 60-75 
2-propanol 
. _ 2 7 ‘ a Glycidyl azide 37-39 (8) 1.4530 1.129 86 
1-Chloro-3-nitrato- 
2-propanol 6.25 7.0 1500 25-30 8-9 6-9 (HCIO,) 1-Azido-3-nitrato- 88 (1) 1.4851 1.3636 45-80 
2-propanol 


* Prepared from 1-azido-3-chloro-2-propanol and aqueous sodium hydroxide as described for glycidyl nitrate. See W. L. Petty and P. L. 
Nichols, Jr., J. Amer. Chem. Soc. 76, 4385 (1954). 
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from acetone to afford 3.44 gm (32%) of (II), m.p. 184.5°-185.5°C, v,,,, 3510, 
2100, 1723, and 1250 cm7?. 


4. MISCELLANEOUS METHODS 


(1) Preparation of 2,5-diazido-1,4-benzoquinone from sodium azide, 
acetic acid, and 1,4-benzoquinone [109]. 

(2) Preparation of azidodithiocarbonic acid [110]. 

(3) Preparation of polyazides as cross-linking agents for polymers [111, 
112]. 

(4) Bromination of azides [113]. 

(5) Formation of benzyl azide from the reaction of 1,1,4,4-tetrabenzyl- 
tetrazene with lead tetraacetate [114]. 

(6) Reaction of aryldiazonium fluoroborate with either isopropyl fluoro- 
carbamate or difluoramine to give aryl azides [115]. 

(7) Azidoazomethine-tetrazole equilibrium [116, 117]. 

(8) Azides and amines from Grignard reagents and tosyl azide [118]. 

(9) Preparation of triphenylsilyl azide [119]. 

(10) Preparation of 2-azido-1,4-benzoquinones [120]. 

(11) Preparation of triarylmethyl azides by the reaction of nitrous acid on 
hydrazine derivatives [68, 121, 122]. 

(12) Preparation of 1,2-diazido-3-phenylethylene and 2-azido-2-phenyl- 
ethyl tert-butyl ether from styrene, sodium azide, tert-butyl hydroperoxide in 
the presence of ferrous sulfate [123]. 

(13) A. study of the reactivity of ethyl chlorosodiocarbamate 
[EtOC(O)—N~Cl Na*] toward various azides [124]. 

(14) A study of the chemistry of 2-azido-3-benzoylenamines [125]. 

(15) Azide formation from the reaction of aromatic nitroso compounds 
with hydroxylamine [126] or with hydrazoic acid [127]. 

(16) Competing Sya- and S,2 reactions with p-nitrobenzoate and 
o-nitrobenzoate esters with azides [128]. 
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CHAPTER 14 / AZO COMPOUNDS 


1. INTRODUCTION 


For perhaps a century, the primary interest in azo compounds has been in 
dye chemistry. Recently, aliphatic azo compounds, which are thermally less 
stable than their aromatic counterpart, have enjoyed attention as sources of 
free radicals for polymerization reactions. In this regard, an initiator such as 
a,a'-azobis(isobutyronitrile) is important for two reasons: 


(1) Its thermolysis is evidently strictly first order and no complications 
arise because the induced decompositions so common with peroxidic initiators 
do not take place with this compound. This permits closer control of the forma- 
tion of linear addition polymers. 

(2) Since aliphatic azo compounds can, at best, act only as hydrogen 
abstracters in oxidation reactions, the color formation associated with 
oxygen addition is eliminated or reduced even in the presence of atmo- 
spheric oxygen, thus leading to polymers low in unwanted color. 

With the increased research in the field of liquid crystals, some of which is 
based on the azoxy functional group, the methods for preparing azo 
compounds as intermediates for the synthesis of azoxy derivatives have taken 
on added importance. 

Perhaps the best-known method of preparing aromatic azo compounds 
involves the coupling of diazonium salts with sufficiently reactive aromatic 
compounds such as phenols, aromatic amines, pheny] ethers, the related naph- 
thalene compounds, and even sufficiently reactive aromatic hydrocarbons. 
Generally, the coupling must be carried out in media which are neutral or 
slightly basic or which are buffered in the appropriate pH range. The reaction 
may also be carried out in nonaqueous media. While some primary and 
secondary aromatic amines initially form an N-azoamine, which may rearrange 
to the more usual amino-C-azo compound, tertiary amines couple in a normal 
manner. 

Under some conditions, phenolic ethers are dealkylated during coupling. 
However, the dealkylation follows the coupling step and is acid-catalyzed. 
Consequently, use of an excess of sodium acetate as a buffer or use of a non- 
aqueous medium obviates the dealkylation. 

Two molecules of a diazonium salt may couple with loss of some nitrogen. 
In the Bogoslovskii reaction, this reaction has been developed as a means of 
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preparing o,0’-dihydroxyazo compounds, which are difficult to obtain by 
other means. This reaction involves the use of a cuprous complex as the reac- 
tion catalyst. Self-coupling of diazonium salts also takes place in the presence 
of sodium sulfite. 

Several intramolecular couplings of diazonium salts with ortho substi- 
tuents bearing an active methylene group give rise to cinnolines, a class of 
cyclic azo compounds (the Borsche, von Richter, and Widman-Stoermer 
syntheses). 

A very flexible method of preparing unsymmetrical azo compounds makes 
use of the condensation of C-nitroso compounds with amines. Thionylamines 
have also been condensed with substituted hydroxylamines to produce azo 
compounds not usually accessible by other means. Treatment of dialkylsulfuric 
diamides with sodium hypochlorite is one means of preparing aliphatic azo 
compounds. Aromatic amines and aromatic nitro compounds at high 
temperature produce azo compounds. 

Diazonium salts may also couple with certain active methylene com- 
pounds—particularly with active methinyl compounds. 

Conjugated olefinic azo compounds have been prepared by the reaction of 
2 moles of a substituted hydrazine with an a-halocarbonyl compound. 

Grignard reagents and diazonium zinc chloride double salts have been 
used to prepare azo compounds. The reaction of arylzinc chloride with a 
diazonium salt has also been used. Mixed aromatic aliphatic azo compounds 
have been prepared by reacting aliphatic zinc iodides with diazonium salts. 

Olefins have been added to diazoalkanes to prepare 1-pyrazolines, a class of 
cyclic azo compounds. 

The reductive methods of preparing azo compounds involve, as starting 
materials, aromatic nitro compounds, azoxy compounds, and azines. 

The bimolecular reduction of nitro compounds is believed to involve reduc- 
tion of some of the starting material to a nitroso compound and another por- 
tion to either a substituted hydroxylamine or an amine. These intermediates, 
in turn, condense to form the azo compound. The exact mechanism of the 
reaction requires critical study. On the one hand, reducing conditions are 
always on the alkaline side to prevent the benzidine rearrangement of an inter- 
mediate hydrazo compound under acidic conditions, yet it is difficult to visua- 
lize the formation of hydrazo compounds by the indicated condensation. As a 
practical matter, this method is of value only if symmetrically substituted azo 
compounds are desired. 

A large variety of reducing agents have been proposed for this reduction. 
However, zinc and sodium hydroxide offer the most common system, and 
lithium aluminum hydride merits consideration. The reduction of azoxy com- 
pounds with lithium aluminum hydride has value mainly in structural deter- 
minations. Its importance in a preparative procedure is limited; normally such 
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a reaction sequence would be a matter of putting the cart before the horse. The 
reduction of azines has potential value because of the accessibility of azines; 
unfortunately, only under specialized circumstances has it been possible 
simply to add the required gram-molecule of hydrogen to the structure. Usua- 
ally, chlorine is added to an azine structure to produce dichloro azo com- 
pounds. An extension of the reaction permits the preparation of «,«’-diacyl- 
oxyazoalkanes from azines. 

Among the oxidative procedures for preparing azo compounds are: oxida- 
tion of aromatic amines with activated manganese dioxide; oxidation of 
fluorinated aromatic amines with sodium hypochlorite; oxidation of aromatic 
amines with peracids in the presence of cupric ions; oxidation of hindered ali- 
phatic amines with iodine pentafluoride; oxidation of both aromatic and ali- 
phatic hydrazine derivatives with a variety of reagents such as hydrogen 
peroxide, halogens or hypochlorites, mercuric oxide, N-bromosuccinimide, 
nitric acid, and oxides of nitrogen. 

The oxidation of hydrazine derivatives with diethyl azodicarboxylate is of 
particular interest because it involves direct hydrogen abstraction. The oxida- 
tion of keto hydrazones with lead tetraacetate leads to azoacetates, presum- 
ably by a free radical mechanism. 

Hydrazones, in the presence of anhydrous potassium hydroxide, at a 
temperature below 120°C, have been isomerized to azo compounds. The 
reaction is usually carried out under reduced pressure by continuous distil- 
lation under carefully controlled heating conditions. 

A normally stable trans-azo isomer can be converted into the cis isomer by 
irradiation with ultraviolet light. Separation of the isomers is carried out by 
column chromatography. 


a. NOMENCLATURE 


The variety of methods of naming azo compounds which has been in use for 
many years may lead to considerable confusion, especially when attempts are 
made to name structural formulas of highly substituted dye molecules with 
several azo linkages. Furthermore, in regard to the older dye literature, an 
intuitive interpretation of an author’s intention frequently seems more 
productive than a detailed analysis of the system of nomenclature which he 
may be using. 

There are about a half-dozen systems of designating azo compounds: an 
TUPAC system [1], an older Chemical Abstracts system used prior to volume 
76, a newer Chemical Abstracts system (see Chemical Abstracts, Index Guide 
[2]), an old “diazene” system resembling the new Chemical Abstracts system, 
an old “diimine” system, and a practical system used in the dye industry. 

(1) For monoazo compounds in which identical radicals are linked by the 
azo group, the IUPAC [1] and older Chemical Abstracts systems are in 
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general agreement that the prefix “azo” is simply added to the name of the 
parent molecule (Rules C-911.1 and C-912.1), e.g., 


CH,—N-=N—CH, ( Sv \ 


(1) Azomethane (II) Azobenzene 


The new Chemical Abstracts name for this compound (II) would be 
diphenyldiazene (or, for indexing purposes: diazene, diphenyl-). 

(2) Once substituents are introduced on even one aromatic ring, these two 
systems deviate. Thus structure (III) becomes azobenzene-4-sulfonic acid in 


Ono 


(111) 


the IUPAC system (Rule C-911) and p-phenylazobenzenesulfonic acid in the 
old Chemical Abstracts system (IUPAC Alternate Rule C-912.3). 

The new Chemical Abstracts name would be diazene, (phenyl)-(4-phenyl- 
sulfonic acid). 

When the same number and kinds of substituents are carried by the two 
aromatic radicals, the IUPAC system simply numbers the substituents in a 
conventional manner, whereas the old Chemical Abstracts system names the 
compound as an assembly of identical units with the prefix “azodi-” 
preceding the name of the unsubstituted parent compounds. The new 
Chemical Abstracts name of compound IV may be identical to the one 
generated by the old rules since there are identical functional groups present 
which are expressible as suffixes. 


se a a 


sO;3H_ Cl 


2’,4-dichloroazobenzene-2,4’-disulfonic acid 
(IUPAC Rule C-911.1) 
2’,4-dichloro-2,4’-azodibenzenesulfonic acid 
(Chemical Abstracts, \UPAC Alternative Rule C-912.2) 


(IV) 


(3) When the two radicals attached to the azo group are derived from 
different parent molecules, the IUPAC system places the term “azo” between 
the complete names of the (substituted) parent molecules (Rule C-911.2). This 
system resembles the older “numbered azo bridge” system. The old Chemical 
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Abstracts system names the compound as a parent molecule RH substituted 
by a radical R‘’N==N— (Rule C-912.4). This system is particularly convenient 
for unsymmetrically substituted aliphatic azo compounds. The new Chemical 
Abstracts system evidently also uses this approach. 


OH 


2-Hydroxynaphthalene-1-azo-4-benzenesulfonic acid 
(IUPAC Rule C-911.2) 
2-Hydroxynaphthalene< 1!-azo-4) benzenesulfonic acid 
(numbered azo bridge system) 
p-(2-Hydroxy-1-naphthylazo)-benzenesulfonic acid 
(Chemical Abstracts, 1UPAC Alternate Rule C-912.4). 


(V) 


As indicated, the old Chemical Abstracts name for structure VI would be 
ethylazocyclohexane. The newer name would be ethylphenyldiazene 


cls Nan-{ 


(VI) 


(4) Two older systems of nomenclature name aliphatic azo compounds 
“diazenes” or “diimines” as in structure VII. The “diazene” system obviously 
is similar to the one curently advocated by Chemical Abstracts. 


C,H;—N=N—CH; 
Ethyl methyl diazene or 
Ethyl methy! diimine 


(VII) 


(5) An interesting and practical system of nomenclature used in the dye 
literature denotes with a connecting arrow the compounds which may have 
been coupled to form an azo bridge (structure VIII). In connection with this 
method of naming azo dyes, it must be pointed out that, while the name usually 
indicates which reagent was diazotized (p-sulfanilic acid in this case) and with 
what reagent it was coupled (8-naphthol here), it does not indicate the exact 
location of the azo bridge in the final compound, a matter of little concern to 
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the dye manufacturer as long as he obtains his desired dye reproducibly. 
Since, in principle, the same compound may be produced by the reaction of a 


OH 
wr { nnd 


p-Sulfanilic acid — B-naphthol 
(VIIT) 


variety of diazotized amines with different dye couplers, this system can lead 
to a great variety of names for the same compound, a matter which is com- 
pounded by the general use of the trivial names of the reagents. 

Some recent authors working with cyclic azo compounds have found it 
convenient to name their compounds “diaza cycloolefins”. For example, 
Overberger and Merkel [3] refer to a cis-3,8-dimethyl-1,2-diaza-(Z)-1-cy- 
clooctene. 


b. REVIEWS 


The chemistry of azo compounds has been investigated by Overberger and 
co-workers since 1949. Reference [3] is the 53rd in the series. Patai edited an 
extensive review [4]. Representative references with particular emphasis on 
the dye aspects of azo compounds are [5-11]. 


c. SAFETY NOTE 


While azo dyes have been in use for many years, only recently have 
questions of health hazards associated with dyes generally been raised. 
Derivatives of p-dimethylaminoazobenzene (DMAB, butter yellow) are 
known carcinogens [12, 13]. Consequently, we suggest that other azo 
compounds, especially aromatic azo compounds, be handled with great 
caution. 


2. CONDENSATION REACTIONS 


A. Coupling of Diazonium Salts with Aromatic Compounds 


The coupling of aromatic diazonium salts with a variety of aromatic 
compounds is the basis of the azo dye industry. A variety of dyeing 
techniques are available but, fundamentally, two procedures are involved: 
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(1) Application ofa solution of an azo dye to the textile followed by removal 
of the solvent. 

(2) Formation of the dye in or on the textile fiber by treatment, in turn, with 
a coupling agent and a diazonium salt solution. 


An interesting variation of the latter technique finds application in enzyme 
chemistry. In this procedure a tissue section is exposed to a relatively colorless 
derivative of B-naphthol, such as sodium f-naphthyl acid phosphate. A phos- 
photase enzyme reacts with this reagent (often called an “enzyme substrate”), 
leaving free B-naphthol behind. Subsequent treatment with a solution of a 
diazonium salt produces highly colored spots in the tissue section. Thus not 
only can the presence of phosphotase enzyme be demonstrated, but also the 
location of the enzyme in the tissue can be determined. The intensity and 
chroma of the color produced and the solubility of the azo dye in the cell 
materials can be varied by judicious selection of the reagents. 

Generally the coupling of diazonium salt is carried out under neutral to 
slightly alkaline conditions. In coupling with amines or phenols, it has been 
demonstrated that the active species are the diazonium cation, the free amine, 
or the phenoxide ion [14, 15]. The fact that coupling does not require a 
diazonium hydroxide is demonstrated by Preparation 2-1, which is carried 
out in a nonaqueous medium. 


2-1. Preparation of 1-Phenylazo-2-naphthol (in a Nonaqueous Medium) [15] 


Amy!NO, eke 
OH 
Re OH 
CV scr — (Serf) o 


(a) Preparation of phenyldiazonium chloride in nonaqueous medium. na 
hood, behind a shield, 3.5 gm (0.027 mole) of aniline hydrochloride is dis- 
solved in 20 ml of absolute ethanol. To this solution is added 0.5 ml of a satu- 
rated solution of hydrogen chloride in absolute ethanol. The solution is 
cooled and stirred in an ice bath, and 4 gm of isoamy] nitrite is added dropwise 
while maintaining the reaction temperature between 0°C and 5°C. After the 
addition has béen completed, the reaction system is allowed to warm to room 
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temperature and to stand at room temperature for about 10 min. The diazo- 
nium salt is then precipitated by the addition of absolute ether. 


CAUTION: From this point on, care must be taken never to allow the 
diazonium salt to become completely dry (explosion hazard). 

In a hood, behind a shield, the salt is rapidly removed by gravity filtration, 
washed with 5ml of a 1:1 (v:v) mixture of absolute ether and absolute 
alcohol and then with 10 ml of ether. For the next step the moist product is 
added to pyridine as described below. 


(b) Coupling reaction. With suitable precautions, the moist diazonium 
salt prepared above is suspended in 25 ml of dry pyridine and chilled in an ice 
bath. To the stirred mixture is added a solution of 3.6 gm (0.025 mole) of B- 
naphthol in 25 ml of pyridine. The reaction mixture is stirred in the ice bath 
for 1 hr, warmed to room temperature, and then stirred at room temperature 
for an additional hour (deep-red solution). 

Under a hood, the reaction mixture is poured cautiously, with stirring, over a 
mixture of 50 ml of hydrochloric acid and 300 gm of ice. After the ice has melted 
600 ml of water is added and the product is removed by filtration, dried, and 
recrystallized from ethanol. Yield 2.5 gm (48.5% based on recovery of 0.6 gm 
of unreacted 8-naphthol from the mother liquor), m.p. 121°-122.5°C. 

A similar yield is obtained when sodium f-naphthylate is substituted for 
f-naphthol in the reaction above. 

If the diazonium salt is derived from alkoxyanilines in which the alkoxy 
moiety contains heptyl, decyl, or cetyl groups and the anion is fluoroborate, 
perchlorate, or p-toluenesulfonate, the salt is soluble in organic solvents such 
as benzene or ether and the azo compounds derived therefrom may be pre- 
pared in nonaqueous systems (16). 


2-2. Preparation of 1-(p-n-Decyloxyphenylazo)-2-naphthol [16] 


" OH 
cuycu no \-x, X-4 ena 
OH 
crycryo{ \ nan ( ‘ 
‘ei 


In a hood, behind a shield, to a solution of 1.5 gm (0.0104 mole) of - 
naphthol in 100ml of dry benzene containing 1.7 ml of dry pyridine 
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maintained at 55°C is added a solution of 4.3 gm (0.103 mole) of p-n- 
decyloxybenzenediazonium toluene-p-sulfonate in 50 ml of dry benzene 
maintained at 60°C. The mixture is kept overnight. Then the precipitated 
pyridinium toluene-p-sulfonate is filtered off. The filtrate is cautiously eva- 
porated to dryness. On recrystallization of the residue from ethanol, 3.4 gm of 
1-(p-n-decyloxyphenylazo)-2-naphthol is isolated, m.p. 73°-76°C, yield 85%. 
On further recrystallization the melting point may be raised to 78°-79°C. 

As might be expected, the stability and reactivity of diazonium salts are 
affected by substituents as well as by the anion. The rate of coupling and the 
location of the azo bond are influenced by substituents on the coupling re- 
agent. Some primary and secondary aromatic amines derived from benzene 
initially form N-azo compounds, which rearrange to p-aminoazo compounds 
in acidic media [8b, c]. Tertiary amines, on the other hand, behave normally. 
Preparation 2-3, while of a rather complex molecule, illustrates the simple 
techniques commonly used in coupling in an aqueous system. Note the pre- 
sumed preferential tendency of coupling to take place predominantly in the 
para position. 


2-3. Preparation of 4,4'-[Oxybis(4-nitro-o-phenyleneazo ) ]bis( N,N-dimeth- 
ylaniline) [19] 


NO, 
CH. ‘ol 3 
NH, N,CI- 
REIN 
Oo oO 
NH, NoCI- 
NO} 
nant \- -( \-nei, 
(3) 
N==N: < \-no, 


To 1.1 gm (0.0038 mole) of bis(2-amino-5-nitrophenyl) ether dissolved in 
10 ml of 5 N hydrochloric acid and cooled to 0°-5°C by adding ice to the solu- 
tion is slowly added 8 ml of a 0.1 N solution of sodium nitrite (0.008 mole) 
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while maintaining the temperature between 0° and 5°C. After the addition has 
been completed (see Volume I, Chapter 15, Diazo and Diazonium Compounds, 
for notes and precautions in carrying out diazotizations), stirring is continued 
for 1 hr (see Wistar and Bartlett [14] on the sluggishness of some diazotiza- 
tions). 

Meanwhile, 1 gm (0.0083 mole) of dimethylaniline is dissolved in dilute 
hydrochloric acid. After the diazotization has been completed, the dimethyl- 
aniline hydrochloride solution is added to the diazonium salt solution in one 
portion. By use of solid sodium acetate, the pH is rapidly adjusted to 
approximately 5, and stirring is continued until coupling has been completed 
(see Bunnett-and Hoey [20] on the slow rate of some coupling reactions). 

[The completeness of coupling may be checked by the “‘R-salt” test as fol- 
lows: A few drops of the clear supernatant liquid is added to a small quantity 
of a solution of “R-acid” (f-naphthol-3,6-disulfonic acid) in an excess of 
2 N sodium hydroxide. An intense red color is produced if unreacted diazo- 
nium salts are present. Obviously this test is satisfactory only if R-acid couples 
more rapidly with the diazonium salt than the coupling agent involved in the 
reactions and if the change to a red color is not obscured by other colors pre- 
sent in the reaction system.] 

After the coupling has been completed, the product is removed by filtra- 
tion, air-dried, and recrystallized from toluene. The red crystalline product 
has m.p. 217°-219°C dec. The yield is said to be quantitative. 

Recently, 4’-aminobenzo-18-crown-6 was diazotized and coupled to N-n- 
butylaniline in an aqueous system. The yield was reported to be 9.9% [20a]. 

Among the solvents suggested for azo coupling reactions, aside from 
aqueous and specialized nonaqueous systems as mentioned above, are mixtures 
of water with water-soluble alcohols (e.g., methanol, ethanol, propanol), 
other water-soluble solvents such as tetrahydrofuran, N,N-dimethylacetamide, 
N,N-dimethylformamide, and organic acids such as formic, acetic, and 
propionic acids [21]. ~ 

There are conflicting reports in the literature in regard to the coupling of 
diazonium salts with phenolic ethers. Whereas in many cases the expected 
product was isolated, in others dealkylation of the ether linkage was observed. 
The question naturally arises whether the cleavage of the ether link takes place 
before or after the coupling step. It has been shown that dealkylation takes 
place after coupling and that it is acid-catalyzed and can be controlled by 
coupling in a system buffered with an excess of sodium acetate or by working 
in a strictly anhydrous medium [20]. In Preparation 2-4, the ethoxy unit is 
retained because the reaction is carried out in a specially dried acetic acid. 
Presumably, in the presence of significant levels of water during the coupling 
step, the corresponding azonaphthol would be isolated. 
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2-4, Preparation of Ethyl 4-(p-Nitrophenylazo)-1-naphthyl Ether [20] 
OCH; 


+ HOAc 
NO, N2(HSO,)- + aoe 


wo-{ \-nan C OC2H; (4) 


(a) Preparation of stock aceticacid. \nareflux apparatus protected against 
atmospheric moisture with calcium chloride, a solution of 60 ml of acetic 
anhydride and | liter of glacial acetic acid is refluxed for several hours. The 
resulting solution is cooled, stored, and dispensed without exposure to 
atmospheric moisture (openings to the room are protected with drying tubes 
filled with crushed alumina). 


(b) Diazotization. In an apparatus protected against moisture, a cooled 
and stirred mixture of 6.0 gm (0.044 mole) of p-nitroaniline, 75 ml of the stock 
acetic acid, and 24 ml of concentrated sulfuric acid is treated with 3.4 gm (0.049 
mole) of solid sodium nitrite. Stirring is continued for some time until diazoti- 
zation appears to be complete. The reaction mixture is cooled to 0° to 5°C. 


(c) Coupling. Toa stirred, cooled solution of 7.2 gm (0.042 mole) of ethyl 
1-naphthyl ether in 25 ml of stock acetic acid is added the cooled diazonium salt 
solution prepared above while maintaining the temperature with an ice-water 
bath. A purple precipitate forms. Stirring is continued at the ice temperature 
for 15 min. Then the mixture is allowed to warm to room temperature (27°C) 
and maintained at this temperature for 80 min. 

Then the reaction mixture is poured into a mixture of 100 gm of clean ice and 
300 ml of water. After the ice has melted, the deep-orange solid is collected by 
filtration, washed free of acids with water, air-dried, and crystallized from 
ethanol. The final product is a deep-red crystalline material, m.p. 154°-156°C; 
yield 108 gm(80%). 

The melting points of some related nitrophenylazo-1-naphthalene deriva- 
tives are given in Table I. 

Azo coupling of diazonium salts with aromatic (or pseudo-aromatic) 
hydrocarbons is possible if the coupling agent is highly substituted. For 
example, azo compounds have been produced from pentamethylbenzene 
[22], benzpyrene [23], and azulene [24]. 
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TABLE I 


MELTING POINTS OF NITROPHENYLAZO-1-NAPHTHALENE DERIVATIVES [20] 


Compound M.p. (°C) 
4-(p-Nitrophenylazo)-1!-naphthol 287-289 (dec.) 
4-(p-Nitrophenylazo)-1-naphthylamine 249-251 
Methyl 4-(p-nitrophenylazo)-!-naphthyl ether 168-169.5 
Ethyl 4-(p-nitrophenylazo)-1-naphthyl ether 154-156 


Isopropyl 4-(p-nitrophenylazo)-1-naphthyl ether 133.5-135 


A number of observations have been made in which two molecules of a 
diazonium salt couple with each other with loss of one molecule of nitrogen. 
In this reaction the azo bridge forms by displacement of one of the diazonium 
salt groupings by the entering group. 

Perhaps the first observation of this reaction was made in connection with 
by-product formation of the Sandmeyer reaction in which a diazonium salt is 
treated with cuprous complexes to afford some azobenzene [25, 26]. 

By careful preparation of the catalyst system, a useful method of synthesis 
has been developed by Bogoslovskii [27]. The method lends itself to the 
preparation of 0,0’-dihydroxyazo compounds which could not be prepared 
by other methods. Incidentally, in the Bogoslovskii reaction the product may 
separate as a stable copper chelate, and a step must be included in the 
preparation to decompose the chelated complex and free the product of 
residual copper salts. Preparation 2-5 illustrates the technique. 


2-5. Preparation of 2,2'-Dihydroxyazobenzene (Bogoslovskii Reaction) [28] 


OH OH 
diazotization 
NH, 


N2CI- 


OH OH OH 

2 Cu(1) 
+ complex (6) 
N2CI- N—N 


(a) Preparation of catalyst stock solution. Copper(II) sulfate penta- 
hydrate, 28.5 gm, is dissolved in 100 ml of hot water, cooled to room tempera- 
ture, and then enough concentrated aqueous ammonia is added dropwise until 
the soluble complex has been formed completely. To this solution is added a 
solution of 7 gm of hydroxylamine hydrochloride in 20 ml of water to reduce 
all of the copper(II) complex to the colorless copper(I) complex. 
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(b) Diazotization and coupling. To a solution of 11.0 gm (0.1 mole) of 
o-aminophenol and 7.0 gm (0.1 mole) of sodium nitrite in 250 ml of 5% aqueous 
sodium hydroxide is dropwise added concentrated hydrochloric acid until a 
positive reaction with starch sodium iodide test paper is observed. The solution 
of the diazo compound is added rapidly with stirring to the catalyst solution 
contained in a large vessel. The excess foaming may be controlled by the 
addition of a small quantity of ether. The reaction mixture is allowed to stand 
at room temperature with occasional stirring for 1 hr. Then the brown solid is 
removed by filtration. 

The resultant chelated complex is mixed with 500 ml of concentrated hydro- 
chloric acid and warmed gently. The mixture is cooled, diluted with ice water, 
and filtered. The product is recrystallized three times from benzene to give 
5.7 gm (53%) of yellow-orange needles, m.p. 172°-172.7°C. 

The yield may be increased to 78 % by continuous liquid-liquid extraction of 
the dilute hydrochloric acid filtrate solution with ether. 

An old reaction patented by Lange [29] involves the coupling of naphthyl- 
diazonium salts with sodium sulfite to yield azonaphthalene. A more recent 
study of this reaction indicates that the first step of the reaction is the 
formation of an aryl-syn-diazosulfonate, which couples with another mole- 
cule of a diazonium salt and by a multicentered rearrangement ultimately 
affords an azo compound [30, 31]. The reaction is represented in Eq. (7). The 
validity of 

N=N 
ae +Ar’Nz  — an C80, —> 
Ar SO; we 


Ar—N=N—Ar’ + N2 + SO, (7) 


this mechanism was demonstrated by use of heavy nitrogen [31]. The 
reaction permits the formation of unsymmetrical azo compounds, particular- 
ly in the naphthalene series. Unfortunately, experimental details are lacking 
in the more recent reports. The reaction conditions should be studied in 
greater detail, since diazonium salts are also reduced to arylhydrazines by 
sodium sulfite. 


B. Coupling of Diazonium Salts with Active Methylene Compounds 


Diazonium salts are capable of reacting with active methylene compounds. 
In the case of linear compounds, isomerization usually takes place to afford 
the corresponding hydrazones [32]. We believe that, since the azo-hydrazone 


366 14. Azo Compounds 


tautomerism appears to be pH dependent (see below), it is possible that the 
normal reaction conditions favor formation of hydrazones. 

In the case of active methinyl compounds, which, of course, lack the 
necessary mobile hydrogen, coupling with diazonium salts results in azo 
compounds. 

The related Japp-Klingemann reaction, which involves addition to an 
active methinyl compound with subsequent loss of a group, normally leads to 
hydrazones [33]. 

The preparation of 2-phenylazo-1,3-indandione (m.p. 192°-193°C) by con- 
densation of benzenediazonium chloride with 1,3-indandione is an example 
of azo formation from an active methylene compound [34]. With an active 
methinyl compound such as the methyl 1,3-indandione-2-carboxylate, the 
corresponding 2-arylazo-1,3-indandione-2-carboxylate ester has been pre- 
pared [35] (Eq. 8). 


Oo 
i 
Z : 7 
CL CHCO,CH + no{ \-ficr eR aioli 
H 6, 0°C 
SS Cc P 
il 
O 


C CO.CHs 

CL 7\ 
. N=N NO, (8) 
(@) 


Methyl! 2-(4-nitrophenylazo)- 
1,3-indandione-2- carboxylate 


Yield 60% 
M.p. 155°C 


In the patent literature a procedure is given for coupling a diazonium salt 
with ethyl a-methylacetoacetate to afford an azo compound which could be 
used as an acetylating agent because its acetyl group was readily cleaved 
under mild conditions [36]. In the coupling reaction, relatively weak bases 
such as pyridine, picolines, quinoline, and collidine are said to be effective. 
The example is given here for illustrations only. It is to be noted that this is a 
“composition of matter” patent. 
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2-6. Preparation of Ethyl «-Phenylazo-a-methylacetoacetate [36] 


rf 
CHsC—CH—C_OCH, + € \kc- feaeaes 


CH; CH; 


ccna \ +HCH (9) 


te 
OC;H; 


(a) Preparation of diazonium salt. To a solution of 13 gm (0.14 mole) of 
aniline dissolved in 120 ml of SN hydrochloric acid and cooled to 0°C is slowly 
added a cooled, saturated solution of sodium nitrite until the equivalent of 
10 gm of pure sodium nitrite has been added. This solution is kept cold until 
used. 


(b) Coupling reaction. To a solution of 20 gm (0.14 mole) of ethyl «- 
methylacetoacetate dissolved in a mixture of 50 ml of pyridine and 150 ml of 
water and cooled to 0°C is added dropwise with constant stirring and while 
maintaining a reaction temperature of 0°C the diazonium salt solution pre- 
pared above. When the addition has been completed, a yellow oil forms on the 
bottom of the flask. The cold supernatant liquid is extracted with ether. The 
extract is combined with the yellow oil and washed in turn with very dilute ice- 
cold acetic acid and with several portions of ice water. The ether solution is then 
dried over magnesium sulfate and filtered. The filtrate is evaporated under 
reduced pressure, leaving a crude yellow liquid as residue. This residue is dis- 
tilled under reduced pressure, and the fraction boiling between 138°C and 149°C 
(4mm Hg) is collected; yield 27 gm (78 %). 

Intramolecular coupling of diazonium salts with ortho substituents bearing 
an active methylene grouping or its equivalent gives rise to cinnolines, which 
may be considered a class of cyclic azo compounds. Three name reactions are 
cited here for reference only. 


(1) The Borsche synthesis [37] 


CL: CHR diazotization y-R igs 
—_—> 
NH, nN 
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(2) The von Richter synthesis [28]: 


C=CR R 
1. diazotization diazotization ( 11) 
N Ha ao kodvowaies ” hydrolysis 


(3) The Widman-Stoermer synthesis [29, 30]: 


| 
CL ~ (12) 
NH n® 


C. Condensation of Nitroso Compounds with Amines 


A convenient synthetic procedure for the preparation of azo compounds, 
particularly unsymmetrically substituted ones, involves the reaction of aro- 
matic nitroso compounds with aromatic amines [41-46]. The reaction is of 
additional interest because the replacement of amines by the corresponding 
hydroxylamine leads to the formation of the related azoxy compounds. 


2-7. Preparation of m-Nitrophenylazobenzene [41] 


NH, 


Oo) ae Orr 
NO, : 


NO, 


To a solution of 27.6 gm (0.2 mole) of m-nitroaniline in 240 ml of glacial 
acetic acid maintained at 40°C is added, with shaking, 23.3 gm (0.22 mole) of 
nitrosobenzene. The reaction mixture is allowed to stand in the dark for 2 
days. Then the crude product is removed by filtration (31 gm, m.p. 94°C). To 
the mother liquor is added 80 ml of water, and another 5 gm of crude product 
precipitates. Greater dilution must be avoided to prevent tar formation. Yield 
80%. The product may be recrystallized from ethanol, m.p. of pure m-nitro- 
phenylazobenzene 96°C. 

In this preparation the nitroso compound may be added in solution form 
to a solution to the amine at low temperature. The solvent may be a suitable 
mixture of acetic acid and ethanol as well as acetic acid alone. The product may 
also be extracted from a reaction mixture diluted with water by use of ether 
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[47]. Purification of the final product may be carried out by chromatography 
on an alumina column. 

The reaction seems to have wide applicability and has been used even to 
prepare fluorinated compounds, such as 3,5-difluoro-4-N-methylaminoazo- 
benzene [48, 49]. 

Although the bulk of azo chemistry involves aromatic systems, 1,1,1- 
trifluoromethylazomethane (b.p. 2.6°C) has been prepared by the condensa- 
tion of methylamine with trifluoronitrosomethane [50]. An extension of the 
reaction to other aliphatic systems would be of considerable interest. A study 
of several benzylamines with nitrosobenzene in solvents such as diethyl ether, 
benzene, and dimethyl sulfoxides showed that azoxybenzenes and/or imines, 
possibly followed by amine exchange, give substituted imines [44]. 

Reaction of aliphatic amines with nitrosobenzenes is still considered to 
give contradictory results. Quite recently, aqueous methylamine or aqueous 
ethylamine formed the corresponding (phenol)azoalkanes in ether or chloro- 
form, respectively, when reacted with nitrosobenzene. The nature of the alkyl 
group on NH,- was thought to govern the distribution of the possible 
products [46]. 

The reaction of amines with nitroso compounds appears to be more rapid 
when carried out in the presence of strong bases than acids. An example using 
potassium t-butoxide in dimethyl sulfoxide-t-butanol (80:20) is given in 
Preparation 2-8. 


2-8. Preparation of 0,0,p-Trideuterioazobenzene (Azobenzene-d;) [51] 


D D 
D D (14) 


In an apparatus through which a gentle stream of nitrogen is flowing, to a 
solution of 450 mg (4 mmoles) of potassium f-butoxide in 20 ml of a solvent 
mixture of 80% of dimethyl sulfoxide and 20% of t-butyl alcohol is added a 
solution of 190 mg (1.8 mmoles) of nitrosobenzene and 170 mg (1.8 mmoles) 
of 0,0,p-trideuterioaniline in 5 ml of the same solvent solution. The reaction 
mixture is shaken for 5 min, then poured into 50 ml of water. The precipitate is 
separated by shaking the diluted reaction mixture with ether, separating the 
ether layer, and evaporating the ether layer to dryness. The product is recrystal- 
lized from methanol (yield 130 mg). An additional 90 mg of product is isolated 
by evaporation of the methanol solution. The total product of 220 mg of azo- 
benzene-d; had m.p. 65°-66°C, yield 67-70% (based on two preparations). 
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In the case of heterocyclic amines that are difficult to diazotize (e.g., the 2- 
and 4-aminopyridines), the preparation of their azo derivatives may be 
carried out by condensation with nitrosoaryl compounds by forming the 
sodio derivative of the amine. Alternatively, disodio derivatives of p-nitrodi- 
methylaniline have been condensed with 2- and 4-aminopyridines [43]. 
Taylor and co-workers have prepared azo dyes by condensing nitroso 
derivatives of heterocyclic compounds with aromatic amines. Table II gives 
physical properties of some aryl azo heterocyclic compounds prepared by 
these methods. 

An example of the condensation of a nitrosoheterocyclic compound with 
an aromatic amine is the preparation of 2-[(p-chlorophenylazo]-4-methyl- 
pyridine. 


2-9, Preparation of 2-[ (p-chlorophenyl)azo ]-4-methylpyridine [45] 


CH cl 
3 CH, VA ‘, 
ie! ~ 
+ —— 15) 
NO N ( 
SN ! 
NH, N Cl 


With suitable safety precautions, in a hood, in a 100-mi Erlenmeyer flask 
fitted with a magnetic stirrer, a solution of 0.244 gm (2.0 mmole) of 4-methyl- 
2-nitrosopyridine in 35 ml of methylene chloride containing 2 drops of glacial 
acetic acid is stirred with 0.279 gm (2.0 mmole) of p-chloroaniline at room 
temperature for 12 hr. Then the solvent is removed by evaporation under 
reduced pressure. 

The residue is stirred with 50 ml of a solution of hexane and chloroform 
(2.5:1). The mixture is filtered. The filtrate is concentrated and placed on a 
short column of silica gel. The product is eluted with chloroform. The 
product solution is evaporated and the residue is recrystallized from petro- 
leum ether. Yield: 0.76 gm (78 %), light yellow crystals; m.p. 93°-94°C; NMR 
6 2.50 (s, 3H, CH3), 7.10-7.35 (m, 1H, H(3)), 7.35-7.75 (m, 3H), 8.03 (d, 2H, 
J = 9 Hz), 8.62 (d, 1H, H96, J = 4 Hz). 

Table II lists a number of other heterocyclic amine-based azo compounds 
prepared by similar techniques. In this connection it should be noted that 
some of the required nitroso compounds may be prepared in situ by the 
oxidation of the corresponding S,S-dimethyisulfilimines with m-chloroper- 
benzoic acid. The S,S-dimethylsulfilimines are prepared by reacting an 
aminoheterocyclic compound with dimethyl sulfide in methylene chloride at 
— 20°C with N-chlorosuccinimide followed by the addition of a methanolic 
solution of sodium methoxide [45]. 
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TABLE II 


PROPERTIES OF SUBSTITUTED PHENYLAZO HETEROCYCLIC COMPOUNDS 


Compound M.p. (°C) Yield (%) Ref. 


2-[(p-Dimethylaminopheny])azo] pyridine 111-112 47.34, 52.3° 43 
4-[(p-Dimethylaminopheny])azo] pyridine 207-209 44.3%, 53.8° 43 
2-[(p-Dimethylaminopheny])azo](3-methylpyridine) 158-160 45.8%, 57.8° 43 
4-[(p-Dimethylaminopheny])azo](3-methylpyridine) 151-153 45.8%, 53.5° 43 
2-[(p-Dimethylaminophenyl)azo](5-methylpyridine) 154-147 42.5%, 55.6° 43 
2-[(p-Dimethylaminopheny])azo](6-methylpyridine) 107-108 45.8%, 61.9° 43 
2-[(p-Dimet hylaminopheny])azo ](6-methylpyridine) 210-213 31.2% 43 
2-[(p-Chloropheny])azo] pyridine 115-118, 44.8% 43, 45 
114-117 
2-[Phenylazo ]pyridine Oil 41> 43 
2-[(p-Methylphenyl)azo ]pyridine 72-74 42.5? 43 
2-[(p-Methylphenyl)azo] pyridine 50-52 55.3°, 70 43-45 
51-52 
2-[(p-Chlorophenyl)azo]-4-methylpyridine 43-44 78° 45 
2-[(p-Chlorophenyl)azo ]pyrazine 133-134 63° 45 
2-[(p-Methoxyphenyl)azo]-4-methylpyridine 84-85 83° 45 
1-[(p-Methoxyphenyl)azo Jisoquinoline 54-55 54° 45 
2-[(p-Methoxyphenyl-azo]pyrimidine 105-109 32° 45 
2-[(p-Methoxyphenyl)azo ]pyrazine 116-117 64° 45 


* By reaction of sodioaminopyridine. 
> By reaction of disodium nitro derivatives. 
© By condensation of a nitroheterocyclic compound with an amine. 


D. Reaction of Thionylamines with Substituted Hydroxylamines 


While the condensation of amines with nitroso compounds appears to have 
wide applicability in the benzene series, it seems to lead to complex dye mole- 
cules in the naphthalene series. A method has been developed using a some- 
what complex reaction between thionylamines and substituted hydroxyl- 
amines to produce azo compounds derived from naphthalenes. This synthesis 
is of particular interest because it helped to settle the question whether true 
naphthylazo compounds with hydroxyl groups could exist. [52]. 

Although the yield of the thionylamines itself is not always high, its reaction 
with the hydroxylamine is one of high yield. 

The mechanism of the reaction is complex. The equation for the reaction pre- 
sented here is based on those of Michaelis and Petou for the preparation of 
simpler azo compounds [53]. 

In the preparation of 2-phenylazo-3-naphthol it is to be noted that the action 
of thionyl chloride on 2-amino-3-naphthol results in preferential attack on the 
amino group. This has been attributed, at least in part, to the fact that the 
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hydroxyl group is in an ortho position. If the reaction is to be extended to 
aminonaphthols which do not have ortho hydroxyl groups, provisions will 
probably have to be made for the protection of the hydroxyl group against 
attack by thionyl chloride. 

The preparation itself we are presenting here is substantially as given in the 
cited literature. We suggest several points for investigation to improve the 
thionylamine synthesis. 


(1) Since hydrogen chloride is generated in the thionylamine formation, we 
suggest that either 3 moles of amine be reacted with each mole of thionyl chlo- 
ride or that 2 moles of a strong base, such as a tertiary amine, be present to 
scavenge the 2 moles of hydrogen chloride which form. The fact that the yield 
is reported to be 30% implies to us that two-thirds of the 2-amino-3-naphthol 
were used up as an acid scavenger. 

(2) The thionyl chloride should be of the highly purified, colorless variety, 
which has been carefully freed from dissolved hydrogen chloride. 

(3) Since both o- and p-aminohydroxy compounds are powerful reducing 
agents, they should be allowed to react under an inert atmosphere. 

(4) The order of addition should probably be reversed, i.e., the solution of 
2-amino-3-naphthol in benzene should be reasonably dilute and be added 
slowly to warm thionyl chloride. The HCI scavenger may either be dissolved 
directly in the benzene solution or added separately at an appropriate rate. 


2-10. Preparation of 2-Phenylazo-3-naphthol [52] 


NH, NSO 
Cl. +S0Cl ——> Cl. (16) 


Nee + amine hydrochloride 
pom — 
OH 
Core 


(17) 

With suitable safety precautions, to a solution of 8 gm (0.05 mole) of 2- 
amino-3-naphthol (m.p.225°C) in 100ml of benzene is added 6gm 
(0.03 mole) of freshly distilled thionyl chloride. The mixture is refluxed for 
3 hr. The reaction mixture is then cooled and filtered through a fritted-glass 


funnel. The filtrate is evaporated to dryness to leave 4 gm of an olive-brown 
residue of the hydroxythionylnaphthylamine (yield 30%). 
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The crude product is dissolved in 150 ml of benzene and heated with 4.3 gm 
of phenyihydroxylamine. The dark-brown precipitate is filtered off. The filtrate 
is dried over anhydrous sodium sulfate and filtered through a layer of alumina 
to afford an orange-red solution. On evaporation, yellow-orange needles form. 
After recrystallization from ethanol, 2.2 gm of 2-phenylazo-3-naphthol is 
obtained (m.p. 173°C); yield 41%. 


It is interesting to note that aliphatic azo compounds have been prepared in 
good yield from N,N’-dialkylamides of sulfuric acid with 2 moles of sodium 
hypochlorite in a 1 N alkaline solution [54, 55]. The proposed course of the 
reaction is shown in Eq. (18). This method may well be one of the simplest 
procedures for synthesizing azo compounds generally. 


6 

NHR /N-R ge 

02S st 0,8 os 028 ey aa 
NaOH \ 

NH iy N—R 
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_ oci- 

RNHNHR + SO? ——> RN=NR (18) 


By this method, azopropane is said to have been prepared in 100% yield, 
azo-n-butane in 54% yield, and azocyclohexane in 80% yield (m.p. 33°C). 
The identity of the product was determined by vapor-phase chromatography 
and by comparison with products obtained from the corresponding hydrazine 
derivatives on oxidation with hypochlorite ions. 


E. Reaction of Aromatic Amines with Nitro Compounds 


The high-temperature reaction of aromatic amines with aromatic nitro 
compounds in the presence of base affords primarily an azo compound [39, 40]. 
Because two independent laboratories have reported reasonable results with 
this synthesis, the procedure is given here. To be noted is that, while the reaction 
as described here involves 2-naphthylamine, a known carcinogenic inter- 
mediate, it is given only for reference to the procedure. Evidently, other 
aromatic amines also undergo the reaction. 


2-11. Preparation of 2-Phenylazonaphthalene [56] 


(19) 
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WARNING: 2-Naphthylamine is a known carcinogen. This procedure is 
given for reference only. 

In a distillation apparatus fitted with a mechanical stirrer, thermometer, 
and provisions for adding solids, to an agitated mixture of 26.7 gm 
(0.187 mole) of 2-naphthylamine (CAUTION: carcinogenic material) and 
20 gm (0.163 mole) of nitrobenzene maintained at 180°C is added slowly 
17 gm of powdered sodium hydroxide over a 20 min period. After completion 
of the addition, heating is continued for 10 min. After cooling, the reaction 
mixture is treated repeatedly with dilute hydrochloric acid. The excess 
nitrobenzene is then separated by steam distillation. The residue from the 
steam distillation is treated with ethanol at 70°C to precipitate insoluble 
impurities which are removed by filtration. On cooling the filtrate, product 
crystals separate which, after filtration, are taken up in petroleum ether, 
leaving petroleum ether-insoluble impurities behind. The petroleum ether 
extract is evaporated to dryness and the residue is recrystallized from ethanol 
at 75°C: yield 17 gm (41%), m.p. 84°C. 


By a similar procedure, 1-phenylazonaphthalene was prepared in 50% 
yield, m.p. 70°C. In both cases, by column chromatography, small amounts of 
the corresponding azoxy compounds were isolated [57]. 


F. Preparation from a-Halocarbonyl Compounds 


Olefinic azo compounds, in which the double bond is conjugated with the 
azo group, have been prepared from a-halocarbonyl compounds by reaction 
with a substituted hydrazine to form a hydrazone which, on treatment with a 
base, is dehydrohalogenated and isomerized to an olefinic azo compound. 
The reaction may be represented by Eqs. (20) and (21). 


CI—CH—R’ 
eet ease +R’—NH—NH, ——> R’—NH—N=C (20) 
b R 
CI—CH—R’ 
“_nu_n—é OH, R"_N=N—C=CHR’ = (21) 
k k 


When phenylhydrazine is used as one of the reactants, the product is a 
mixed aromatic-aliphatic azo compound [58]. When methylhydrazine is 
used, a completely aliphatic azo compound is produced [59]. To be noted in 
the latter synthesis is that half of the methylhydrazine used in the reaction 
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serves as base for the dehydrohalogenation step. This is an exothermic 
reaction. 

The choice of reaction solvents appears to be quite wide. For example, 
when inorganic bases are employed, water and ethanol have been used [58]. 
When methylhydrazine is used, anhydrous conditions are usually main- 
tained. Solvents include chlorobenzene or methylene chloride. In some cases 
no solvent was used. 


2-12. Preparation of Ethyl 2-Phenylazocrotonate [58] 
O 


) 
I {| 
( \-nan + CH,C—CH—COC:Hs ss 
cl 
i 
( \ non pcH—Cocat (22) 


CH3 


To a solution of 16.5 gm (0.1 mole) of ethyl 2-chloroacetylacetate in 
approximately 60 ml of ethanol, well-cooled in an ice-water bath, is added, with 
shaking, as quickly as possible, a mixture of 10.8 gm (0.1 mole) of phenyl- 
hydrazine dissolved in 100 ml of ethanol and 13.6 gm (0.1 mole) of crystalline 
sodium acetate trihydrate in 30 ml of water. The reaction mixture rapidly turns 
red and subsequently turns cloudy as the product begins to separate. If pow- 
dered ethyl 2-phenylazocrotonate is available from a previous preparation, 
inoculation with a small quantity of it facilitates formation of a beautiful red, 
needlelike product, m.p. 51°C (yield reported only as “good”’). 

On prolonged storage of the mother liquor, a small amount of I-pheny]-3- 
methyl-4-phenylazopyrazolone (structure IX) separates from the mother 


liquor. 
CH conan \ 


N C=O 
bar f 
N 


(IX) (m.p. 158°) 


By a similar procedure the corresponding methyl ester has also been pre- 
pared, m.p. 46°C. 
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2-13. Preparation of 2-(Methylazo)propene [59] 
1 
CI—CH,C—CH; + CH;NHNH, ——> CICH;C=NNHCH; + H2,0 


CH; 
| CH3NHNH2 
CH NEN CH (23) 
CH; 


With suitable safety precautions, in a hood, to a well-stirred dispersion of 
62 gm (1.35 moles) of methylhydrazine, 175 ml of chlorobenzene, and 20 gm 
of powdered, anhydrous sodium sulfate is added dropwise, with cooling, 
61 gm (0.663 mole) of freshly distilled 1-chloro-2-propanone. After the addi- 
tion has been completed, the reaction mixture is stirred for 1 hr. The moist 
sodium sulfate is separated by filtration and the filtrate is distilled. The 
fraction boiling between 60°C and 64°C is collected as product, yield 16.8 gm 
(31 %) of a yellow liquid. On redistillation the boiling point is raised slightly 
to 61°-64°C; refractive index n2> 1.4300. 

Table III lists yields and properties of several other olefinic azo compounds 
prepared by this method. 


G. Reaction of Diazonium Salts with Grignard and Related Reagents 


The reaction of Grignard reagents with diazonium zinc chloride double 
salts to afford azo compounds was initially reported in 1945 [60]. Unfortu- 
nately this work was followed by contradictory observations. The reaction 
was reinvestigated in 1956 [61]. It was found that the reaction proceeds most 
satisfactorily in a heterogeneous system rather than in solution. It was also 


TABLE III 


PROPERTIES OF OLEFINIC AZO COMPOUNDS [59] 


Yield B.p., °C 


Compound Solvent (%) (mm Hg) ng 
2-(Methylazo)propene Chlorobenzene 31 61-64 (atm) 1.430023 
1-(Methylazo)cyclohexene Methylene chloride 61 101-105 (80) 1.499029 
1-(Methylazo)isobutylene Methylene chloride 35 75-80 (200) 1.459026 
2-(Methylazo)-3-methy!- No solvent 43 64-65 (22) 1.457418 

2-butene 
2-(Methylazo)-2-butene Methylene chloride 38 87-88 (145) 1.459125 


with MgSO, 
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found that alkyl and aryl zinc chlorides react with diazonium fluoborates to 
give azo compounds and that organolithium, -cadmium, and -mercury 
compounds give greatly reduced yields when reacting with diazonium 
fluoroborates in a homogeneous reactive system. The example cited here is 
given for reference only, since we believe that subsequent work (see below) 
indicates the direction for an improved procedure. 


2-14. Preparation of (4-Chlorophenylazo) benzene Using 4-Chlorophenylzinc 
Chloride [61] 


ok \ Mee $70Ci,- o{ \-anc (24) 
+ 
cl ZnCl + N,BFF -———> Cl N=N 


(25) 


With appropriate safety precautions, to a solution of p-chlorophenylmag- 
nesium bromide prepared from 0.29 gm (0.012 gm-atom) of magnesium and 
2.1 gm (0.011 mole) of 4-chlorobromobenzene in 30 ml of anhydrous ether is 
added 1.1 gm (0.011 mole) of freshly fused anhydrous zinc chloride in 50 ml of 
anhydrous ether. The resulting solution is transferred to an addition funnel 
with nitrogen and added slowly to a suspension of 1.92 gm (0.01 mole) of 
benzenediazonium fluoroborate (prepared by addition of a 20% aqueous 
solution of ammonium fluoroborate to a solution of benzene diazonium 
chloride, filtering the precipitate, washing the latter in turn with anhydrous 
methanol and anhydrous ether, and drying in a vacuum desiccator) in 50 ml 
of anhydrous ether with cooling in an ice-salt bath. The reaction mixture is 
stirred for 6hr, then diluted by cautious addition to a mixture of diluted 
hydrochloric acid and ice. The neutral product fraction is extracted with 
ether. The ether extract is dried over anhydrous magnesium sulfate and 
filtered. After evaporation of the solvent, 0.914 gm of 82% pure crude 
product (brown solid) is isolated. The yield is estimated at 35 %, on the basis 
of infrared absorption spectroscopy. The crude product may be recrystallized 
from ethanol. The melting point has been reported variously as 78°-84°C, 
87°-88.5°C, and 90°-91°C. The product may also be chromatographically 
purified on an alumina column using cyclohexane as eluent. 

By use of aliphatic zinc iodides, in toluene solution, mixed aromatic- 
aliphatic azo compounds have also been prepared [62]. Reported properties 
are 


Phenylazoethane: b.p. 75°-77°C (19 mm Hg), n2°* 1.5480 
2-Phenylazopropane: b.p. 85°-87°C (7 mm Hg), n3’? 1.5219 
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The earlier work using the reaction of Grignard reagents with diazonium 
zinc chloride double salts has been criticized by the observation that the 
reactions are normally carried out with equimolar or excess quantities of 
Grignard reagent to diazonium salts. Consequently, resultant azo com- 
pounds may react with additional quantities of the Grignard reagent to form 
hydrazo compounds and their derivatives [62-64]. By using an excess of the 
diazonium salt, improved yields are obtained. The generalized procedure for 
the preparation of the zinc chloride double salt follows. 


2-15. Generalized Procedure for Preparation of Diazonium Zinc Chloride 
Double Salts [63] 


To a mixture of | mole of the aromatic amine and 3-4 moles of hydro- 
chloric acid (diluted 1:1 with water) is added, at 0°C, the requisite amount of 
sodium nitrite dissolved in a minimum amount of water. While maintaining the 
diazonium salt solution at ice temperatures, 200 ml of a cold saturated solution 
of zinc chloride is added with occasional stirring. After allowing the mixture 
to stand for some time in an ice bath, the product is filtered off, washed several 
times with small portions of ice-cold ethanol followed by anhydrous ether. The 
salt 1s then air-dried and finally dried in a vacuum desiccator. In most cases the 
yield is in the range 90-98 %. 


2-16. Preparation of 2-Bromo-2'-methylazobenzene [(2-Bromophenylazo)- 
2’-toluene ] [63] 


Co co aaeare Oe, + MgBrX (26) 
Br CH; Br CH; 


With suitable safety precautions, in a flask equipped with an efficient 
stirrer, reflux condenser, an addition funnel is placed 17 gm of the zinc 
chloride double salt of 2-bromo-benzenediazonium chloride. Into the drop- 
ping funnel is introduced the Grignard reagent, prepared from 7 gm of 2- 
bromotoluene and 1.3 gm of magnesium in ether, dilute to about 40 ml with 
additional dry ether. At room temperature the Grignard solution is added to 
the rapidly stirred content of the reaction flask without additional cooling at 
a rate to maintain a gentle reflux (about 15 min). The reflux continues for a 
short time after the addition has been completed. After the reaction mixture 
has been diluted with ether to twice its initial volume, dilute hydrochloric 
acid is added cautiously with agitation, then water. The ether layer is 
separated and dried over calcium chloride. On evaporation of the solvent, red 
crystals are isolated. They may be recrystallized from ethanol with a small 
amount of charcoal. Yield 7 gm (64%, based on 2-bromotoluene). 
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Table IV gives data for other unsymmetrically substituted azobenzenes 
prepared by this technique. 

When the zinc chloride double salts of diazotized aminocarboxylic esters 
were subjected to this reaction, the corresponding azo compounds were 
isolated with only poor to modest yields [64]. 

The same group of investigators also prepared a series of methoxy- 
substituted azo compounds [65] and a series of phenylazonaphthalenes [66] 
in poor to modest yields, using the reaction of appropriate Grignard reagents 
with diazonium zinc chloride double salts. Data for these azo compounds are 
given in Tables V, VI, and VII. It seems to us that it would be appropriate to 
reevaluate the preparation of these compounds by using the Curtin and 
Ursprung technique [61] of reacting arylzinc chlorides with diazonium 
fluoroborates. 


H. Addition Reactions: Addition of Olefins to Diazoalkanes 


In the course of an extensive study of the chemistry of azo compounds, 
Overberger et al. [68] prepared 1-pyrazolines, which may be considered 
cyclic azo compounds, by the addition of diazoalkanes to styrene. The 
reaction is considered a stereospecific 1,3-dipolar addition, and in the 
reaction between p-methoxyphenyldiazomethane and p-methoxystyrene 
both trans-3,5-bis(p-methoxyphenyl)pyrazoline (m.p. 129°C, dec.) and cis- 
3,5-bis(p-methoxyphenyl)pyrazoline were prepared and separated [69]. 


TABLE IV 


PROPERTIES OF BROMOMETHYLAZOBENZENES [63] 


Substituents M.p. (°C) Yield? (%) 
2-Bromo-2’-methyl 88-89 64 
2-Bromo-3’-methy] 44.5-45.5 40 
2-Bromo-4’-methy] 60.5-61.5 60 
3-Bromo-2’-methy] 49 61 
3-Bromo-3’-methy] 79-79.5 52 
3-Bromo-4’-methy] 119.5 65 
4-Bromo-2’-methyl 53.5-54 42 
4-Bromo-3’-methy] 81.5 68 
4-Bromo-4’-methy! 153 68 
4-Bromo-2-methy! 73-73.5 73 
4-Bromo-3-methyl 68.5 74 
2-Bromo-4-methy] 43.5-44 65.6 


4 Based on bromo compound converted into Grignard 
reagent. 
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TABLE V 


PROPERTIES OF SUBSTITUTED METHOXYAZOBENZENES [65] 


yey 


dsaa te NUUIOEDU SS Mp. B.p.,°C Yield? 
R R’ (ce (mm Hg) (%) 
2-Methyl 2’-Methoxy 73.5-75 — 18 
3-Methy! 2’-Methoxy — 176 (6) 11 
4-Methyl 2’-Methoxy 56-57 — 1 
2-Methyl 3’-Methoxy — 160-165 (7) 29 
3-Methyl 3’-Methoxy —_ 168 (6) 20 
4-Methyl 3’-Methoxy 78-79 — 14 
2-Methyl 4’-Methoxy 58-59 173 (6) 8.9 
3-Methyl 4’-Methoxy 56-57 171 (6) 4.0 
4-Methyl 4’-Methoxy 109-110? — 13 
2-Methoxy 2’-Methoxy 143~144 —_— 1.4 
3-Methoxy 2’-Methoxy — 167 (6) 11.3 
4-Methoxy 2’-Methoxy 41-42 165-172 (5) 7.3 
3-Methoxy 3’-Methoxy 77-77.3 — 7.6 
3-Methoxy 4’-Methoxy 41-42 — 34 
4-Methoxy 4’-Methoxy 145-155 —_ 6.9 
2-Methoxy 3’-Bromo 65-65.5 = 8.8 
3-Bromo 3’-Methoxy 86-87 — 17.1 
4-Methoxy 3’-Bromo 59-60 — 10.3 
2-Methoxy 4’-Bromo 81.5-82.5 — 20.0 
3-Methoxy 4’-Bromo 88.5-89.5 —_ 0.9 
4-Methoxy 4’-Bromo 146-146.5 = 14.0 


“Based on bromo compound converted into Grignard reagent. 
> Horner and Dehner [67] report m.p. 110°-111°C. 


The reaction appears to be reasonably general. Thus a series of 1- 
pyrazolines have been prepared according to the reaction scheme in Eq. (27), 
where X represents an electron-withdrawing group such as CO,R, COR, CN, 


NO,, or C\ [70, 71]. 


RY R 
=CH)> + CH2N>2 ==? x (27) 
x” N=N 


Preparation 2-16, trans-3,5-diphenyl-1!-pyrazoline, demonstrates the general 
reaction procedure. 


TABLE VI 


PROPERTIES OF SUBSTITUTED PHENYLAZO-1-NAPHTHALENES [66] 


Onn 


Substitutent, R 


H 

2-Methyl 

3-Methyl 

4-Methyl 
2-Methoxy 
3-Methoxy 
4-Methoxy 
2-Bromo 

3-Bromo 

4-Bromo 

2-Ethyl carboxylate 
3-Ethyl carboxylate 
4-Ethyl carboxylate 
2-Carboxylic acid 
3-Carboxylic acid 
4-Carboxylic acid 


“ Based on bromo compound converted into Grignard reagent. 


M.p. (°C) Yield* (%) 
60.5-67.5 22 
67-68 7 
42-43 23 
81-82 20 
102-103 12 
55-56 12 
73-74.5 9 
103-104 3.5 
84-85 4.2 
132-133 11.4 
» Trace 
101-102 25 
88.5-89 4 
141-142 Trace 
207 Trace 
234-234.5 Trace 


’ Bp. 170°C (11 mm Hg). 


PROPERTIES OF SUBSTITUTED PHENYLAZO-2-NAPHTHALENES [66] 


TABLE VII 


Substituent, R M.p. (°C) Yield* (%) 
H 81.5-82.5 8 | 
2-Methyl 70-71 12 
3-Methyl 98-99.5 6 
4-Methyl 126-127 7 
2-Methoxy 93-94.5 1 
3-Methoxy 67-68 6.4 
4-Methoxy 102-103 4 
2-Bromo 92.5-93 12 
3-Bromo 117-118 12 
4-Bromo 142.5-143 13 
2-Ethy] carboxylate (Oil) 1 
3-Ethyl carboxylate 88-89 1 
4-Ethyl carboxylate 112.5-113.5 Trace 
2-Carboxylic acid 146-146.5 Trace 
3-Carboxylic acid 220-221 Trace 
4-Carboxylic acid 220 Trace 


“Based on bromo compound converted into Grignard 


reagent. 
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2-17. Preparation of trans-3,5-Diphenyl-I-pyrazoline [68] 


CH, 
Cronin dy — OghC) 


(28) 


(By conventional procedures, 106 gm of benzaldehyde reacts in 600 ml of 
ether with 66 gm of anhydrous hydrazine to give benzalhydrazone, which is, 
with due precautions, directly oxidized in anhydrous ether with 300 gm of 
mercuric oxide to phenyldiazomethane.) 

Toa flask covered with aluminum foil, over a 1 hr period, a solution of 35 gm 
(0.336 mole) of inhibitor-free styrene in 90 ml of ether is added to 525 ml of the 
ether solution of phenyldiazomethane prepared as above. The reaction mix- 
ture is allowed to stand at room temperature overnight. Then approximately 
200 ml of the ether is evaporated off under reduced pressure. The flask is im- 
mersed in an ice bath and stirred for a total reaction time of 36 hr. After 
thorough cooling in an ice bath, the precipitated product is removed by 
filtration and washed with ice-cold ether until all the red coloration has been 
taken up by the solvent. The ether washings and filtrate may again be 
partially evaporated and cooled to produce a further quantity of product. 
The total yield of crude product is 17.7 gm (23.7%), m.p. 107°-109°C. After 
two recrystallizations from methanol and drying in a vacuum desiccator over 
phosphorus pentoxide, the product consists of shiny white flakes, m-p. 
109°-110°C, dec. 


By a similar technique, 3,5-bis(p-chlorophenyl)-1-pyrazoline was also pre- 
pared, m.p. 120°-121°C, dec. 

The cis and trans isomers may be separated by fractional precipitation, 
fractional crystallization, or careful fractional distillation. 


3. REDUCTION REACTIONS 


The nature of the azo bond is such that only a very limited number of 
possible functional groups have the necessary features to serve as starting 
materials for reductive methods of preparation. In a sense, the Bogoslovskii 
reaction [27, 28] may be considered a reduction of a diazonium salt by 
copper(I) ions. However, because the reaction resembles the other condensa- 
tions of diazonium salts, its classification among the condensation reactions 
seems appropriate. The direct reduction of azoxy compounds as such is of 
minor preparative importance except as a method of identification of an 
azoxy compound. However, in the various bimolecular reduction procedures 
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of aromatic nitro compounds, it has been postulated that an azoxy inter- 
mediate forms in the course of the reaction. This intermediate azoxy 
compound is ultimately reduced to an azo compound. 

The reduction azines is of interest but requires further development. 


A. Reduction of Nitro Compounds 


The reduction of aromatic nitro compounds is believed to proceed to an 
intermediate mixture of nitroso compounds and substituted hydroxylamines 
which are not isolated but condense to form an azoxy compound which, in 
turn, is reduced to an azo compound. Contributing evidence to substantiate 
this mechanism is that the reduction of a mixture of two aromatic nitro com- 
pounds leads to a mixture of azo compounds consistent with that predicted if 
each of the nitro compounds were reduced to a nitroso compound and a 
hydroxylamine and these, in turn, reacted with each other in all possible 
combinations. This observation also implies that the bimolecular reduction of 
nitro compounds is practical only from the preparative standpoint for the 
production of symmetrically substituted azo compounds. Spectrophotometric 
studies of the reaction kinetics of the reduction of variously substituted nitro 
compounds may, however, uncover reasonable procedures for the synthesis of 
unsymmetrical azo compounds. 

Further complications of the reduction of aromatic nitro compounds are 
the possibility of complete reduction to aromatic amines (which may condense 
with nitroso compounds to give the desired azo compounds), reduction of azo 
compounds to the corresponding hydrazo compounds, followed by a benzi- 
dine (or semidine) rearrangement. It is clear, therefore, that the level of reduc- 
ing agent used and other reaction conditions are quite critical. 

It has been pointed out that, under acidic reducing conditions, either azoxy 
compounds [72] or hydrazo compounds (with subsequent benzidine rearran- 
gements) are produced [73]. Alkaline reduction yields hydrazo compounds 
which are converted into azo compounds by dissolved atmospheric oxygen. 
This oxidation becomes independent of oxygen concentration once a certain 
critical value of oxygen concentration is reached and the rate of reduction 
increases with decreasing hydrogen ion concentration [73]. It is curious that 
here both a reducing agent and an oxidizing agent function in the same 
medium, a situation reminiscent of the “redox” initiation systems found in 
emulsion polymerizations. The formation of hydrazo compounds by the 
condensation of hydroxylamines with nitroso compounds is difficult to 
visualize. 

Among the many reducing agents suggested for the bimolecular reduction 
of nitro aromatic compounds to azo compounds are a sodium-lead alloy 
(‘Drynap,’ supplied by Wako Pure Chemical Co. of Japan) [74]; sodium and 
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ethylene glycol [75, 76]; potassium hydroxide in ethanol [77]; ferrous oxide 
[78]; iron [79]; sodium amalgam and methanol [76]; hydrogen with a 
platinum oxide catalyst [80]; hydrogen with a Raney nickel catalyst [81]; 
and hydrazine with a palladium catalyst [82, 83]. Reference is also made in 
the literature to electrolytic reductions [83], reductions with alkaline carbo- 
hydrates such as glucose, dextrose, cellulose, and molasses, and reductions 
with silicon, stannites, arsenites, sulfides, sulfites, and stannous salts [84]. 
Many of these reducing systems have only limited uses in specific industrial 
processes. 

From the standpoint of laboratory-scale preparations, probably the most 
commonly used method is the reduction with zinc in a sodium hydroxide 
medium. The use of lithium aluminum hydride also merits consideration. 

The preparation of azobenzene by reduction of nitrobenzene with zinc dust 
and sodium hydroxide has been well described [85], except that no specific 
mention is made of the desirability of carrying the reaction out in the 
presence of air. As a matter of fact, in the older literature, mention is made of 
blowing air through the filtrate after the reduction has been completed and 
the insoluble salts have been filtered off [84]. This procedure has also been 
recommended more recently. Actually, air has been drawn through the 
product solution for as long as 6 hr to oxidize any hydrazo compound which 
may be present [86]. Blackadder and Hinshelwood [73] have shown that the 
presence of modest amounts of air toward the end of the reduction cycle 
should be sufficient for obtaining adequate yields. Yet Shinkai, Manabe, and 
co-workers [87] aerated their reduction product derived from 4’-nitrobenzo- 
15-crown-5 for 4 hr. 

We believe that attention should also be focused on the fact that metal ions 
will form chelated complexes with azo compounds. Hence a vigorous 
posttreatment with acids should be attempted if the stability of the product 
permits. Usually this treatment should be carried out before the final 
crystallization. 

The wide applicability of the zinc-sodium hydroxide reduction is illus- 
trated here by two examples. In the first, the reduction of p-nitrostyrene, 
conditions evidently were sufficiently mild that the vinyl groups were not 
saturated [88]. The second example illustrates the reduction of a dinitro 
compound to produce an intramolecular azo bridge [89]. 


3-1. Preparation of 4,4'-Divinylazobenzene [88] 


ron-{\-cHmcu, eal 
NaOH 
cncu{ N-=N {\ CH=CH, (29) 
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In a 250 ml, four-necked flask fitted with mechanical stirrer, reflux con- 
denser, thermometer, and with provision for adding solids, a mixture of 90 ml 
of 95% ethanol, 15 ml of 12N sodium hydroxide solution, and 7 gm (0.047 
mole) of p-nitrostyrene is heated to reflux temperature with vigorous stirring 
while 25 gm (0.39 gm-atom) of zinc dust is added in small portions so that the 
reaction is kept under control. After the addition has been completed, reflux is 
continued for 4 hr. Then the hot reaction mixture is filtered in such a manner 
that the filtrate drops directly into a large volume of cold water. The resultant 
gummy precipitate is filtered off, dried, and sublimed at 120°C (2 mm Hg). The 
sublimed solid is then recrystallized repeatedly from 95% ethanol to afford 
0.95 gm (17%) of product, m.p. 138°-138.5°C. 


3-2. Preparation of Benzo[c]cinnoline(“2,2'-Azodiphenyl” or 3,4-Benzocin- 
noline) by Zinc-Sodium Hydroxide Reduction [89] 


Zn 
NO, NO; N==N 


In an apparatus similar to the one described in Preparation 3-1, a mixture 
of 10 gm (0.041 mole) of 2,2-dinitrobiphenyl, 133.4 ml of absolute ethanol, 
and 13.4 ml of aqueous solution containing 10 gm of sodium hydroxide is 
warmed, with stirring, to 70°-80°C. At that temperature 30 gm (0.46 gm- 
atom) of 30 mesh granular zinc is added over a $ hr period. After the addition 
has been completed, warming between 70° and 80°C is continued for an 
additional 4 hr. The hot reaction mixture is filtered through a Biichner funnel 
to separate the inorganic materials. 

On cooling, a yellow precipitate forms in the filtrate. This precipitate is 
separated and washed with absolute ethanol. The wash solution, combined 
with the filtrate, is used to extract additional product from the inorganic 
materials previously separated. The combined yellow crystals are recrystallized 
from absolute ethanol; yield 4.1 gm (55.4%), m.p. 156°-158°C. 

Occasionally, commercial zinc dust needs to be activated for this reduction. 
This may be accomplished by adding a small quantity of dilute hydrochloric 
acid to the zinc, filtering rapidly, and washing the zinc dust with water im- 
mediately. The metal thus activated must be used promptly [90]. 

While aromatic nitro and azoxy compounds have been reduced to azo 
compounds with lithium aluminum hydride, aliphatic nitro compounds 
produced only the corresponding aliphatic amines [91]. The usual technique 
involves dropwise addition of 1 mole of nitro compound in ether to 1.05-1.15 
moles of lithium aluminum hydride in ether solution at Dry Ice temperatures 
followed by warming to room temperature. If the resulting product is only 
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slightly soluble in ether, hydrolysis should be carried out with dilute sulfuric 
acid. Then the azo compound simply needs to be filtered off, washed with 
water, and dried. If the product is ether-soluble, the ether layer is separated, 
evaporated, and the residue is recrystallized [91, 92]. 


A variation of this procedure is given in Preparation 3-3, in which a mixed 
solvent is used in the preparation of benzo[c]cinnoline by a lithium alumin- 
ium hydride reduction [93]. 


3-3. Preparation of Benzo[c]cinnoline by Lithium Aluminum Hydride Re- 
duction [93] 


NO, NO, N=N 


In an apparatus suitably protected against atmospheric moisture and carbon 
dioxide, to a solution of 4.0 gm (0.0164 mole) of 2,2’-dinitrobipheny] in 35 ml of 
anhydrous benzene is cautiously added, with stirring, a solution of 3.0 gm (0.08 
mole) of lithium aluminum hydride in 15 ml of anhydrous ether. The mixture 
is heated to reflux for 4 hr, during which time a brown precipitate forms. After 
the reaction mixture has been cooled, 5 ml of water is cautiously added and the 
inorganic materials are removed by filtration. The filtrate is washed in turn 
witha 5 % sodium carbonate solution and with water. After drying with anhyd- 
rous sodium sulfate and filtration, the solvent is evaporated off. The residue is 
recrystallized from benzene: yield 2.7 gm (92%), pale-yellow blades, m.p. 
156°C. 


The melting points of some symmetrical aromatic azo compounds, prepared 
from the corresponding aromatic nitro compounds, are given in Table VIII. 


B. Reduction of Azoxy Compounds 


As mentioned previously, azoxy compounds may also be reduced to azo 
compounds. Lithium aluminum hydride appears to be the reagent. The 
primary importance of this reaction lies in structure determinations of the 
azoxy compound. In this connection it must be pointed out that both cis- and 
trans-azoxybenzenes are converted only to trans-azobenzene [100]. It has 
been postulated that the reduction of cis-azoxybenzene proceeds by way of an 
intermediate having a single bond between the nitrogen atoms. This interme- 
diate, having free rotation about this bond, would naturally tend to produce 
the more stable trans product. Although this appears reasonable to us, the 
evidence presented consists of an experiment in which 0.22 gm of cis- 
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TABLE VIII 


MELTING POINTS OF SYMMETRICALLY SUBSTITUTED AROMATIC AZO COMPOUNDS 


Compound M.p. (°C) Ref. 
Azobenzene 67-68 75, 85, 94 
66-67.5, 68 
o-Azotoluene 51, 53-54 75 
m-Azotoluene 51 75 
p-Azotoluene 142 67, 95 
144-145 96, 97 
Azomesitylene 77 67 
2,2’-Diethylazobenzene 44 98 
2,2’-Dibromoazobenzene 125 75 
4,4’-Dibromoazobenzene 204 99 
2,2’-Dichloroazobenzene 136 75 
3,3’-Dichloroazobenzene 101 75 
99 99 
4,4’-Dichloroazobenzene 184-185 75 
185 99 
4,4’-Dicarbethoxyazobenzene 143 99 
2,2’-Difluoroazobenzene 98 99 
4,4’-Difluoroazobenzene 100 99 
2,2’-Diiodoazobenzene 151 99 
4,4’-Diiodoazobenzene 235 99 
4,4’-Divinylazobenzene 138-138.5 88 
4,4’-Diphenylazobenzene 248 99 
2,2’-Azonaphthalene 208 84 
2,2’-Dimethoxyazobenzene 143 99 
4,4’-Dimethoxyazobenzene 160 99 
3,3’-Dinitroazobenzene 146-148 95 
4,4’-Dinitroazobenzene 212-214 95 
3,3’5,5’-Tetrachloroazobenzene 189 99 
2,2’,6,6’-Tetramethoxyazobenzene 110 99 
3,3’-Dichloro-4,4’,6,6’-teframethoxyazobenzene 243 99 
4,4’-Dichloro-2,2’,5,5’-tetramethoxyazobenzene 184 99 


azoxybenzene was reduced and only 0.06gm of trans-azobenzene was 
‘isolated. Although no cis-azobenzene was found in the product fraction, we 
are curious about the fate of the unaccounted-for remainder. This may be 
another example of product loss by complexing with the inorganic materials 
produced when a lithium aluminum hydride reaction mixture is decomposed 
only with water, a matter we have observed in connection with other 
reductions using such a procedure. 

An extension of the Wallach rearrangement [98] (conversion of azoxyben- 
zene into p-hydroxyazobenzene induced by chlorosulfonic acid) has shown 
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that azoxybenzene is deoxygenated (reduced) to azobenzene by several acid 
halides, which in turn undergo oxidation [101]. For example, phosphorus 
trichloride is oxidized to phosphorus oxychloride as azoxybenzene is reduced 
practically quantitatively to azobenzene. Other acid halides such as S,Cl,, 
SOCI,, AICI,, and FeCl, are also effective. Acetyl chloride can be used as a 
solvent for several other solid acidic halides (AlI,, AIBr3, ZnBr,, ZnI,, and 
SbF,;). The use of aluminum chloride tends also to give some aromatic 
chlorination [102]. 

Upon refluxing azoxy compounds in 1,2-dimethoxyethane in the presence 
of a fresh preparation of molybdenum hexacarbonyl on alumina, azo 
compounds are formed. The benzene dispersion of azoxy compounds and a 
fresh preparation of triiron dodecacarbony]l has also been used to reduce the 
azoxy starting compound to the corresponding azo compounds. The reac- 
tions were run in the millimolar range. Yields up to 60% were reported in 
some cases. The hazards of handling metal carbonyls and, presumably, 
carbon monoxide should be carefully considered before general application 
of this reduction—particularly on a large scale—is attempted [103]. 


C. Reduction of Azines 


The azines represent another class of organic compounds which, in 
principle, should be reducible to azo compounds. The method is attractive 
since, with the availability of anhydrous hydrazine, azines are readily 
prepared from a wide variety of ketones and aldehydes. Evidently, introduc- 
tion of 1 gm-molecule of hydrogen into an azine molecule has been accom- 
plished (see Section 6, Procedure 8) [104]. Two preparations involving the 
1,4-addition of chlorine to an azine system have been carried out. These 
reactions led to chlorinated azo compounds. 


3-4. Preparation of 1,1'-Dichloroazocyclohexane [105] 


OO = ODD = 
ae cl cl 


In a hood, through a rapidly stirred suspension of 76 gm (0.396 mole) of 
cyclohexanoneazine in 300 ml of petroleum ether (b.p. 60°-90°C) cooled to 
—60°C is passed a slow stream of gaseous chlorine until a slight excess of the 
gas is noted. The excess of chlorine is removed by ventilation at the water 
aspirator. Then the solution is concentrated to half-volume by gentle evapora- 
tion at reduced pressure. The reaction system is filtered free from tarry impuri- 
ties and the filtrate is allowed to stand for 24 hr at room temperature. The 
product gradually separates out and is isolated by filtration. Evaporation of 
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the mother liquor may afford another crop of product. The total yield is 81.5 
gm (78%). The product, after recrystallization from petroleum ether, has a 
melting point of 66°C. (NOTE: Since aliphatic azo compounds are inherently 
unstable and may serve as free radical sources, the stability of the product 
should always be checked with due precautions, and excessive exposure to 
heat should always be avoided.) 


This basic reaction has been extended to the preparation of a,a’-diacyloxy- 
azoalkanes in a single-step reaction [see Eq. (33)]. 

This reaction requires somewhat more careful control of the quantity of 
chlorine used, but otherwise appears to be quite straightforward. The method 
is outlined here in generalized terms only. 


3-5. Preparation of #,«'-Diacyloxyazoalkanes [106] 


i fe) RI Ri O 
\ 7R! I Ch I | | | 
‘C=N—N=C + 2NaOCR3} ——> R3C—O—C—N=N—C—O—CR3 (33) 

\Rp2 R3CO2H | | 


/ 
2 R 2 
R is i. 


Ina hood, 4.1 moles of the sodium salt of a carboxylic acid 1s dissolved in just 
enough of the anhydrous free acid to make a mobile solution. Then | mole of 
the ketazine is added and, with stirring at 10°-20°C, one equivalent of chlorine 
is slowly passed through the solution. Sodium chloride precipitates rapidly 
during this addition. Stirring is continued for 4 hr at 20°C after the addition 
has been completed. Then the reaction mixture is poured into 5-8 volumes of 


TABLE IX 
PROPERTIES OF «,a’-DIACYLOXYAZOALKANES [106] 


16) R! R! 


Substituents B.p., °C M.p. Yield 

RI R? R3 (mmHg) (°C) np (%) 
CH; CH; H 40 (0.1) — 1.4320 75 
CH; CoH; H 79 (0.4) — 1.4445 45 
CH; i-C4Ho H 93 (0.4) — 1.4486 54 
CoH; CHs H 89 (0.25) — 1.4530 57 
—(CH2)s = H — 100 _ 27 
CH; CH; CH; — 103 —_ 79 


—(CH2)7 _ C2Hs _ 58 — 32 
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an ice-water mixture and the product is extracted with ether. The product is 
separated from the solvent either by distillation or by crystallization. 

Table IX gives properties and yields of a series of products prepared by this 
method. 

The direct hydrogenation of azines in general to azo structures would be of 
considerable interest. Obviously, control of the reaction is critical, otherwise 
complete reduction to hydrazines will take place, as in the hydrogenation of 
desoxybenzoinazine over palladium-on-charcoal with an atmospheric pres- 
sure of hydrogen [107]. As noted in Section 6, Preparation 8 [104], such a 
catalytic hydrogenation over copper chromite has been accomplished re- 
cently with a macrocyclic azine. 


4. OXIDATION REACTIONS 


A. Oxidation of Amines 


As is well known, the oxidation of primary aromatic amines is a highly 
complex process, depending on exact reaction conditions to produce well- 
defined products—usually complex dyes. A few synthetic procedures have been 
reported in which amines have been converted into azo compounds. 

For example, the autoxidation of aromatic amines in the presence of equiva- 
lent amounts of potassium f-butoxide afforded azo compounds such as azo- 
mesitylene, 4,4’-azotoluene, 4-methyl-4’-methoxyazobenzene (by using a 
mixture of p-toluidine and p-anisidine), and 4-chloro-4’methoxyazobenzene, 
m.p. 121°~122°C (by using a mixture of p-chlorotoluidine and p-anisidine) in 
highly variable yields. To be noted is that formation of azo compounds take 
place in the presence of ortho- and para-directing substituents and in the 
presence of meta-directing substituents if the substituent is in a position meta 
to the amino group. Meta-directing substituents in the position ortho or para 
to the amino group interfere with the autoxidation. The transitory green 
colors observed during the reaction have been attributed to the intermediate 
formation of monomeric C-nitroso compounds [67]. 

As indicated, in the presence of mixtures of aromatic amines, some of the 
unsymmetrically substituted azo compounds are formed. However, both a- 
and f-naphthylamines are converted into phenazines. From the preparative 
standpoint, we consider this reaction as having only limited application [67]. 

The effect of substituents is dramatically indicated in the manganese 
dioxide oxidation of aromatic amines. Again aniline, p-chloroaniline, and p- 
toluidine are readily oxidized to the corresponding azo compounds (yields 
reported to be approximately 87%), whereas at least 95% of unreacted 
amines were recovered when the reaction was attempted with a- or p- 
naphthylamine or with o-, m-, or p-nitroaniline [51, 94]. 
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Further study of the reaction has indicated that nitroanilines, as well as 
aminobenzoic acids, are not substantially converted into azo compounds, 
whereas polycyclic aromatic amines give polymeric products. 

In general, it appears that para-substituted anilines react more rapidly than 
other position isomers and that the order of reactivity is F > Cl > Br> I. 

Using activated manganese dioxide oxidations, even 2-aminopyridine has 
been converted into 2-azopyridine (m.p. 85°C). When mixtures of two anilines 
are oxidized together, the products isolated are only the symmetrically substi- 
tuted azobenzenes [94]. 


4-1, General Procedure for Oxidation of Aromatic Amines with Active Man- 
ganese Dioxide [94] 


MnO 
2Ar—NH, ——> Ar—N=N—Ar +2H,0 (34) 


(a) Preparation of active manganese dioxide [99, 102]. Commercial preci- 
pitated manganese dioxide has been used [94], but a freshly prepared form is 
to be preferred. 

A solution of 84.0 gm of manganous sulfate monohydrate (analytical grade) 
in 150 ml of water and 117 ml of a40% aqueous sodium hydroxide solution are 
added simultaneously over a | hr period to a stirred solution of 96 gm of potas- 
sium permanganate in 600 ml of water maintained at 80°-90°C. Stirring is 
continued for another hour at 90°C and the hot suspension is filtered and 
washed with a large amount of hot tap water until the precipitate is free from 
potassium permanganate. Washing is continued until the pH of the washings is 
neutral to litmus. The solid is dried at 125°C and ground to a powder, reheated 
to 125°C for 24 hr, and reground to pass a 60 mesh screen. Before use, the 
powder is heated for 24 hr at 100°-120°C and stored in a desiccator. 


(b) Oxidation. Ina reflux apparatus fitted with a Dean-Stark water sepa- 
rator and a mechanical stirrer, a suspension of 0.01 mole of the amine, 
0.05-0.06 mole of dried manganese dioxide, and 50-60 ml of benzene is re- 
fluxed for approximately 6 hr as the formed water is removed. The hot solution 
is filtered and the manganese dioxide is washed free from colored product 
with hot benzene. The filtrate is evaporated to a small volume and hexane is 
added to crystallize the product from solution. The product is ultimately re- 
crystallized either from a benzene-hexane mixture or from ethanol. Yields are 
normally about 90%. 

Recently, 4’-amino-S’-tert-butylbenzo-18-crown-6 derivatives as indicated 
in structure X have been oxidatively coupled to form the corresponding 
trans-azo compounds. When n= 2 m.p. 143.7°-145°C, yield 40%; where 
n = 3, mp. 173°-174°C, yield 33% [108]. 
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(X) n= 2 and 3 


As indicated above [54], primary amines converted into the alkylamides of 
sulfuric acid can be oxidized with sodium hypochlorite to azo compounds. 
The reaction appears to proceed by way of an intermediate hydrazine, which 
is ultimately oxidized [54]. The reaction is suitable for the formation of 
symmetrically substituted azoalkanes. Highly branched primary aliphatic 
amines have been oxidized with sodium hypochlorite in an aqueous dioxane 
medium [109]. 

Aromatic amines, such as aniline, have been oxidized with sodium hypo- 
chlorite solution to produce a very complex mixture including azobenzene, 
aminophenols, and tars [110]. Polyfluoroaromatic amines, on the other 
hand, yield azo compounds in a straightforward manner [111]. To be sure, 
the conversion appears to be only of the order of 25%, but we suspect that, 
given the reaction of an aqueous oxidizing medium with a reactant of high 
density and the unique wetting and solubility characteristics of fluorinated 
compounds, we cannot expect to obtain better yields unless specialized 
surfactants are present to improve the contact between the oxidizing agent 
and the surface of the amine droplets. 


4-2. Preparation of Decafluoroazobenzene [111] 


F F F F F 
{0} 
2F NH, ——> F N==N F (35) 
NaOCl 
F F F F F F 


To 10.0 gm (0.0546 mole) of pentafluoroaniline is added 360 ml of a sodium 
hypochlorite solution containing 10-14% w/v available chlorine. The mixture 
is stirred vigorously at room temperature for 4 hr. Then the crude product is 
isolated by repeated extraction with ether. The ether extract is washed with 
deionized water until the water contains no significant levels of chloride ions. 
The ether solution is dried with sodium sulfate, filtered, and the filtrate is 
evaporated cautiously to dryness. The residue is recrystallized from ethanol: 
yield 2.5 gm (25.3%), m.p. 142°-143°C. 

By similar procedures, 4,4’-H-octafluoroazobenzene (m.p. 118°C) and 
4,4’-dimethyl-2,2’,3,3’,5,5’,6,6'-octafluoroazobenzene (m.p. 159°C) were pro- 
duced. 
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The oxidation of aromatic amines with peracids was the subject of some 
dispute. It has now been demonstrated that simple oxidation of aromatic 
amines with peracids produces azoxy compounds without the intermediate 
formation of azo compounds [96]. To be sure, small amounts of azo 
compounds are isolated from the reaction mixture, but this is considered a 
side reaction. 

On the other hand, in the presence of small amounts of metallic salts such 
as cupric chloride, the course of the reaction changes to produce good yields 
of azo compounds [95]. The reaction, unfortunately, is not quite general. 
Thus the toluidines and aminophenols, for example, produce copious 
amounts of tarry products, while the nitroanilines, evidently, are smoothly 
converted into azo compounds. 


4-3. Preparation of 3,3'-Dinitroazobenzene [95] 


[0] 
Che am (ye) o 
CH ;CO3H, Cu?* 


NO, ON NO, 


A solution of 2 gm (0.014 mole) of 3-nitroaniline in 40 ml of glacial acetic 
acid and 1.85 gm (0.028 mole) of peracetic acid is treated with 1 ml of an 
aqueous solution containing 5 mg of cupric chloride dihydrate. The reaction 
mixture is stirred for 16 hr at 17°C. After this time, the precipitated product is 
filtered off (0.8 gm). The mother liquor is added to 200 ml of a 3N sodium 
hydroxide solution, whereupon another 0.61 gm of product is precipitated. The 
crude products are combined: yield 1.42 gm (72%), m.p. 140°-144°C. On 
recrystallization the melting point is raised to 144°-147°C. 

Aliphatic amines have been oxidized to aliphatic azo compounds with 
iodine pentafluoride [112-115]. In the aromatic series, this reagent evidently 
gives rise to tarry products when used to oxidize amines, although it has been 
used to oxidize hydrazobenzene to azobenzene. 

The literature shows only highly hindered aliphatic amines as having been 
subjected to the reaction (t-butylamine [112] and cumylamine [113]). The 
applicability to other amines requires further study. 

For safe handling of iodine pentafluoride, we recommend consultation 
with the manufacturer of the compound before it is used. 


4-4. Preparation of Azocumene (2,2'-Diphenyl-2,2'-azopropane) [113] 


To a stirred solution of 120 ml of methylene chloride, 18 ml of dry pyridine, 
and 5 ml of iodine pentafluoride maintained at —10°C to —20°C ina Dry Ice- 
carbon tetrachloride slurry is added a solution of 13.5 gm (0.1 mole) of cumyl- 
amine in 10 ml of methylene chloride over a 1 hr period. The reaction mixture 
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Hs a ae 
IF. 

Of * OretO » 
CH; CH; CH; 


is stirred for another hour at —10°C, and then for 1 hr at 0°. After this time, 
water is added to the reaction mixture and stirring is continued until the yellow 
solid which had formed is dissolved. The lower organic layer is separated and 
washed in turn with water, 1 N hydrochloric acid, a saturated sodium thio- 
sulfate solution, and again with water. After drying with anhydrous magnesium 
sulfate and filtration, the product solution is partially evaporated by means of 
a rotary evaporator at a temperature below 30°C. The brown solid obtained on 
cooling is separated and recrystallized twice from methylene chloride: yield 
4.75 gm (17.9%), m.p. 86.9°-88.7°C. 


By a similar technique, f-butylamine was converted into 2,2’-dimethyl-2,2’- 
azopropane (b.p. 53°C, 70 mm Hg, nj? 1.4133) [112]. 

Aromatic azo polymers have been prepared from aromatic diamines using 
cupric ions as catalyst for an oxygen-oxidation in pyridine or dimethylacet- 
amide-pyridine solution [116]. 


B. Oxidation of Hydrazine Derivatives 


Since N,N’-disubstituted hydrazines are readily available from a variety of 
sources, their dehydrogenation constitutes a widely applicable route to both 
aliphatic and aromatic azo compounds. Such oxidative procedures are of 
particular value in the aliphatic series because so many of the procedures 
applicable to aromatic compounds, such as the coupling with diazonium 
salts, have no counterpart. The oxidation reactions permit the formation not 
only of azoalkanes, but also of a host of azo compounds containing other 
functional groups, e.g. «-carbonyl azo compounds [117], a-nitrile azo 
compounds [118], azo derivatives of phosphoric acid [119], and phenylphos- 
phoric acid derivatives [120]. 

One matter to which the recent literature has not paid adequate attention 
is the obvious problem that azo compounds can be converted into azoxy 
compounds by oxidation. For example, at a relatively low temperature, 
substituted hydrazines have been oxidized to azo compounds with hydrogen 
peroxide [121], while, under somewhat more drastic conditions, azo com- 
pounds have been converted into azoxy compounds also with hydrogen 
peroxide [93]. It seems to us that, in lieu of more detailed experimental 
observations, we must assume the formation of both azo and azoxy com- 
pounds when an oxygenating (as opposed to a hydrogen-abstracting) oxidiz- 
ing agent is used to treat a hydrazine derivative. Consequently, control of 
reaction conditions and of the quantity of oxidizing agent used and chroma- 
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tographic analysis of the product should all be employed in developing these 
syntheses further. 

It must be reiterated that, whereas aromatic azo compounds are relatively 
stable thermally and can be subjected to typical reactions of aromatic 
compounds [93, 100, 122], the aliphatic compounds may be significantly less 
stable thermally. Aliphatic azo compounds, such as «,«’-azobis(isobutyroni- 
trile), do decompose on heating and are used as free radical sources. Hence 
adequate safety precautions must be taken in handling them. This, by the 
way, does not mean that aliphatic azo compounds have not been subjected to 
distillation and to vapor phase chromatogaphy. Many have been distilled 
and, as will be pointed out in a subsequent section, their preparation by 
isomerization of hydrazone depends on a distillation technique. 


4-5. Preparation of Azobis(diphenylmethane) by Hydrogen Peroxide Oxi- 
dation [121] 


( \-crrnnncr{_) H—N=N—CH 
RY ho, 


(38) 


In a cold bath or in an explosion-proof refrigerator, a solution of 1.3 gm 
(approximately 0.0035 mole) of crude N,N’-benzhydrylhydrazine (m.p. 114°- 
130°C) in a mixture of 40 ml of acetone and 50 ml of ethanol and 1.25 gm 
(0.0096 mole) of 30% hydrogen peroxide is maintained at 10°-15°C for 8 hr. 
The solvent is rapidly removed by evaporation under reduced pressure with 
only moderate warming. The residue is rapidly recrystallized from ethanol. 
Yield 1 gm (76%), m.p. 115°C dec. (NOTE: On melting, azobis(diphenyl- 
methane) decomposes with loss of nitrogen to form a solid with m.p. 205°- 
210°C, which has been identified as the expected 1,1,2,2-tetraphenylethane.) 

The traditional method of oxidizing hydrazine derivatives makes use of halo- 
gens or hypohalites as oxidizing agents. The techniques range from the pre- 
paration of 1,1’-azobis(1-cyclohexanenitrile) by the addition of bromine to an 
alcoholic hydrochloric acid solution of the corresponding hydrazine [123], 
through the use of bromine water [124, 125], to oxidations with sodium, 
hypobromite [90], or sodium hypochlorite [126]. 


4-6. Preparation of Diethyl Azodicarboxylate [125] 


O 

I | Br2/H,0 I \ 
With suitable safety precautions, in a hood, to a well-stirred suspension of 
3.52gm (0.20 mole) of diethylhydrazine-N,N’-dicarboxylate in 250 ml of 
water which is maintained at ice temperature with an adequate bath is added, 
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over a 15min period, 12.3 m1 of bromine. After the addition has been 
completed, stirring is continued for an additional 15 min, then the product is 
extracted with 400 ml of ether. The ether extract is cooled to 0°C and 
extracted, in turn, with the following reagents, all being maintained at 0°C: 
water, aqueous sodium carbonate, very dilute sodium thiosulfate, and water 
again. (NOTE: the product is unstable to thiosulfates.) The ether solution is 
then dried with calcium chloride. After filtration and evaporation of the 
solvent, the orange residue is distilled through a short fractionating column 
using an oil bath to heat the flask. The fraction boiling between 60°C and 
70°C (0.1 mm Hg), m.p. 6°C, is taken as product: yield 22 gm (63%). 

In preparation 4-6 above, the hydrazine was partially protected by 
conversion to the dicarboxylate, or perhaps more properly to the dicarba- 
mate. By use of Diels-Alder reactions involving dimethyl azodicarboxylate, 
fairly complex bicyclic dicarbamates with structures such as that indicated in 
XI have been prepared: 


R_ _R’ 


YC 


am 
~N—CO,CH, 


(XT) 


In a one-pot, two-step reaction, the corresponding bicyclic azo compounds 
have been prepared at or below room temperature in 60°-80°C. The reaction 
involves treatment with the lithium salt of n-propyl mercaptan or of methyl 
mercaptan followed by oxidation with aqueous potassium ferricyanate at 
O°C. The reaction is carried out in hexamethylphosphoramide (HMPA) 
[127]. Since the latter solvent is highly toxic and suspected of being a 
carcinogenic agent, this reaction is mentioned here for reference only. This 
process should be reinvestigated with a view of finding a safe reaction 
medium. 


4-7. Preparation of Azobenzene [90] 


In a separatory funnel fitted with a stopcock which cannot slip out is placed 
a solution of 10 gm (0.054 mole) of hydrazobenzene in 60 ml of ether. To this 
solution is added, in small portions, an ice-cold solution of sodium hypo- 
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bromite prepared by the dropwise addition of 10 gm of bromine to an ice-cold 
8% aqueous sodium hydroxide solution. On completion of the addition of all 
the hypobromite solution, the reaction mixture is shaken for an additional 10 
min. Then the aqueous layer is drawn off and the ether solution is evaporated 
cautiously. The residue is dissolved in 30-40 ml of boiling ethanol. 

Water is added to the boiling solution dropwise until a small amount of 
product begins to separate. The mixture is then made homogeneous again by 
adding a few milliliters of ethanol, and the solution is cooled until the product 
crystallizes out. The filtered azobenzene is washed with an ice-cold 50% 
ethanol—water mixture: yield 7-9 gm (approximately 80%), m.p. 67°-68°C. 

Azoalkanes have also been produced by oxidation with mercuric oxide. 

This reagent is considered the reagent of choice for azoalkanes [107, 121, 
128], as well as for the preparation of cyclic azo compounds [3, 129, 130] and 
{-pyrazolines [131]. When used in the preparation of «-carbonyl azo 
compounds, mercury complexes are evidently formed with the diacylhydra- 
zine starting materials. These complexes are then treated with halogen 
(iodine or chlorine) to produce the azo compounds [126]. 

Although the literature usually does not specify the form of mercuric oxide 
used, we suggest that both red and yellow mercuric oxide be tested in this 
synthesis. 


4-8. Preparation of Ethylazoisobutane [128] 


HgO 
C,HsNHNHCH,—CH-—CH3 —_ aa Sa +H,0 (41) 


CH; CH3 

To a vigorously stirred suspension of 40 gm (0.138 mole) of mercuric oxide 
in 100 ml of water is added slowly 15 gm (0.134 mole) of N-ethyl-N’-isobutyl- 
hydrazine. After the addition has been completed, stirring is continued for an 
additional 4 hr at room temperature. The mercury and mercury oxides are 
then removed by filtration. The precipitate is washed with ether and the 
aqueous phase is extracted with ether. The ether solutions are combined and 
dried with anhydrous magnesium sulfate. Then the ether is distilled off. The 
residue is distilled at 105°-107°C (741 mm Hg) yield 5.8 gm (40%). On redistil- 
lation, an appreciable quantity of a high-boiling residue is left behind, possibly 
because of thermal decomposition. 

Table X lists some mixed azoalkanes and their physical properties. 

By a similar technique, azoethane (b.p. 58°C) has been prepared in 97% 
yield [132]. In ether suspension, under nitrogen, yellow mercuric oxide has 
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TABLE X 


PHYSICAL PROPERTIES OF MIXED AZOALKANES [123] 


R!N==NR2 
B.p., °C Yield 
R! R2 (741 mm Hg) n3s d3 (%) 
CH; n-C3H, 86-87 1.3946 0.7603 23 
C.Hs i-C3;H7 74-75 1.3856 0.7410 59 
C.Hs n-C4Hg 119-120 1.4048 0.7755 36 
C.Hs i-C4Hg 105-107 1.3996 0.7643 40 
n-C3H, i-C3;H, 101-102 1.3958 0.7549 46 


been used to oxidize a series of 1-alkyl-2-phenylhydrazines to the correspond- 
ing phenylazoalkanes [133]. 

N-Bromosuccinimide has been used as an oxidizing agent, particularly for 
the oxidation of acylazo and more complex azo compounds such as 
azobis(diphenylphosphine oxide). Reaction conditions are somewhat vari- 
able. Some workers carry the reaction out at room temperature [119, 120, 
134], others at ice or lower temperatures [135]. 


4-9, Preparation of t-Butyl p-Bromophenylazoformate [134] 


O CH; (@) CH3 
| | NBS | | 
Br NG ae ——~> Br am a a 3 
CH; CH; 
(42) 


To a solution of 17.95 gm (0.0634 mole) of t-butyl-2-(p-bromophenyl) 
carbazate and 4.94 gm (0.0626 mole) of dry pyridine in 300 ml of methylene 
chloride is added, in small portions, over a 20 min period, 11.13 gm (0.0551 
mole) of N-bromosuccinimide. The red solution is allowed to stand at room 
temperature for 3 hr. Then the reaction mixture is washed in turn with two 
portions of 100 ml of water, 125 ml of 10% aqueous sodium hydroxide, and 
another two portions of water. The product solution is then dried with anhyd- 
rous potassium carbonate. The solvent is removed by distillation under re- 
duced pressure, using a water bath at 50°C as the source of heat. On standing, 
the red liquid crystallizes to a yellow-orange solid which is dissolved in meth- 
anol, treated with charcoal, filtered, and the filtrate treated with just sufficient 
water to cause product precipitation: yield 15.34 gm (86%), yellow-orange 
crystals, m.p. 66°-67°C. 
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4-10. Preparation of Phenylazodiphenylphosphine Oxide [135] 


OompQ = Ome « 


Toa stirred methylene chloride solution of 4.62 gm (15 mmoles) of I-pheny]- 
2-(diphenylphosphine oxide)hydrazine maintained at —20°C is added over a 
10 min period 2.67 gm (15 mmoles) of N-bromosuccinimide. The solution is 
allowed to warm to room temperature, and stirring is continued for 10 min. 
The solids formed are removed by filtration and discarded. The solution is 
washed in turn with two portions of 5% aqueous sodium thiosulfate solution, 
0.1 N hydrochloric acid, water, dilute aqueous potassium bicarbonate, and 
again water. The methylene chloride solution is dried over anhydrous sodium 
sulfate and filtered. The filtrate is evaporated to incipient crystallization at 
room temperature at reduced pressure: yield 4.1 gm (90%), m.p. 105°-106°C. 


By a similar technique a large variety of azodicarboxylic acid derivatives 
have been prepared [136]. 


C. Hydrogen Abstraction with Diethyl Azodicarboxylate 


Hiickel’s molecular orbital theory is said to indicate that azo compounds 
with strong electron-attracting substituents (e.g., alkoxycarbonyl, acyl, ni- 
trile) should act as strong electron acceptors [137]. On this basis, it was 
found that diethyl azodicarboxylate behaves as an oxidizing agent which can 
only act by hydrogen abstraction in a nonphotochemical process. In its 
reaction this oxidizing agent is converted into diethyl hydrazodicarboxylate, 
whereas aromatic primary amines, and particularly hydrazobenzenes, are 
converted into azo compounds. 

Unfortunately, the literature has only very general reaction details, yet, like 
the original authors, we believe that this reaction has considerable synthetic 
value and should be explored further. For this reason, we prefer not to relegate 
this method simply to our Miscellaneous Procedures section. 

Three procedures are mentioned: 


(1) The reaction of 1 equivalent of the azocarboxylate with the amine or 
hydrazo compound, in the dark, at room temperature, in anhydrous benzene, 
for up to 3 days. By this method, hydrazobenzene is converted into azobenzene 
in a 98% yield within 4 hr. 
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(2) The reaction of a similar charge may be accelerated by refluxing for 
0.5-10 hr. By this procedure, p-anisidine was converted into 4,4’-azoanisole in 
28% yield in 5 hr. 

(3) The reaction of a similar charge of reagents, but using chloroform as the 
solvent. 

The reaction may be represented by Eq. (44). 


oO oO 
€ \nuwu{ + Cie nee ecie —_—_ 
oO oO 
( \x- < \ Anion nn Ne aan (44) 


D. Oxidation with Nitric Acid and Oxides of Nitrogen 


A variety of azo compounds have been produced by oxidation of the corre- 
sponding hydrazo compounds with nitric acid. The combination of thermally 
unstable azo compounds and strong nitric acid media is considered by us to be 
too hazardous to recommend it as a general procedure. However, by this 
means, azomethane (b.p. 1°-2°C), «,«’-azobis(isobutyronitrile) (m.p. 105°C), 
diethyl azodicarboxylate (b.p. 108°-110°C, 15 mm Hg; 93°-95°C, 5 mm Hg), 
m.p. 6°C), azodicarbonamide (m.p. 180°C), and azodibenzoyl (m.p. 118°- 
119°C) have been prepared [138, 139]. 

Similar azo compounds were also prepared by the oxidation of aliphatic 
hydrazo compounds with nitrogen dioxide [118]. 


E. Oxidation of Hydrazones 


Hydrazones are readily prepared from a variety of ketones with hydrazine or 
one of a number of substituted hydrazines. Some hydrazones may be converted 
into azo compounds by an isomerization procedure (see below). 

However, with lead tetraacetate, keto hydrazones may be oxidized to azo- 
acetates according to Eq. (45) [140]. 


Ri 
Ric. Pb(OCOCH3). | 
oe Ss R2—C—N==N—R? (45) 


H ta 


The reaction of aldehyde hydrazones is more complex and requires further 
study [141]. It is usually carried out with a 90% solution of lead tetraacetate 
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in acetic acid with sufficient additional solvent to bring about homogeneous 
reaction conditions initially. 


4-11. Preparation of 2-Acetoxyisopropylazobenzene [140] 


CH; 

sy er -< \ PHOCOCH, Oy onan -< \ (46) 
OCCH; 
I 


To a stirred solution containing 49 gm (0.11 mole) of lead tetraacetate (sup- 
plied as a 90% solution in acetic acid) in 200 ml of methylene chloride is added 
a solution of 14.8 gm (0.10 mole) of acetone phenylhydrazone in 25 ml of 
methylene chloride over a 15 min period while maintaining the reaction 
temperature between 0° and 10°C with an ice bath. After the addition has been 
completed, the reaction temperature is raised to 20°-25°C and stirring is con- 
tinued for an additional 15 min. Then to the reaction mixture is added 200 ml of 
water, the inorganic solids are filtered off, and the methylene chloride layer is 
separated. This product layer is washed in turn with water and with dilute 
aqueous sodium bicarbonate until all the acetic acid has been removed. After 
drying the methylene chloride solution with anhydrous sodium sulfate, the 
solvent is evaporated off at reduced pressure. The residue is distilled under 
reduced pressure. The product has b.p. 89°C (1 mm Hg); yield 17.0 gm (83 %). 


5. ISOMERIZATION REACTIONS 


A. Isomerization of Hydrazones 


The problem of the tautomerism between hydrazones and azo compounds 
has been the subject of considerable controversy. The details of the problem 
have been reviewed by Buckingham [142]. Among the causes of the dispute 
are the fact that phenylhydrazones are readily oxidized in air to give 
phenylazohydroperoxides which resemble azo compounds in their spectra 
(both visible and ultraviolet) and the fact that the hydroperoxides may 
decompose to azo compounds [143]. 

Other papers pertinent to this controversy are those of Bellamy and 
Guthrie [133], Buckingham [142], and others [144-150]. The fact that all the 
compounds involved in this problem are also capable of geometric isomerism 
probably complicates the picture further. 

It may well be, as Buckingham points out [142], that at room temperature, 
under neutral conditions, and for a limited number of structural types, such 
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as phenylhydrazones, no tautomeric shift to azo compounds takes place. The 
experimental facts are, however, that, under forcing conditions, aliphatic 
hydrazones have indeed been converted into azo compounds although often 
only in modest yield. 

Evidence has been presented that a genuine equilibrium exists between azo 
compounds and hydrazones, at least in the case of aliphatic cyclic com- 
pounds [151] (Eq. 47). The proposed mechanism was assumed to involved 
anion 


C,H2,—C=N—NH—CH; ===> C,H2,—-CH—N=N—CH; (47) 
ora | EA | 
n=4,5,6,7 


formation, as shown in Eq. (48). The mechanism does not, however, explain 
why the specific reagent required for the protropy is potassium hydroxide in 
molar amounts. Both sodium methylate and diethanolamine were ineffective. 


i) 
i) 
oe ee ” Pe nT ee oe oe oo” 
—N—N= —— ~=—:N—N= = Ss :N=N—C—H 48 
N-N=CO == " N=Cl == Nc (48) 
H H 


While the isomerization did not take place above 120°C, the usual boiling range 
of azoalkanes, it could be carried out at reduced pressure. It appears critical 
that a minimum amount of heat be applied to the system to cause refluxing by 
judicious use of low pressures and careful insulation of the apparatus. The 
method fails in an attempt to isomerize cyclooctanone methylhydrazone. The 
bond angle strain is said to effect the ease of rearrangement of the hydrazone 
molecules to the azo isomer. To be noted also is that the azo compounds have 
somewhat lower boiling points than the isomeric hydrazones. This contributes 
to the formation of the azo product by a careful distillation technique. 


5-1. General Procedure for the Isomerization of Hydrazones to Azoalkanes 
{i51] 


KOH 
C,aH2,>—C=N—NH—CH3; ———> C,H2.—CH—N=NCH;3 (49) 
ace eee as al 

n=4-7 


(a) Preparation of anhydrous potassium hydroxide. Reagent grade potas- 
sium hydroxide pellets (6 gm) and a few small boiling chips are placed in a 
50 ml round-bottomed flask connected through a condenser to a vacuum pump. 
The pressure in the flask is reduced and the content is slowly heated with an 
infrared lamp until the pellets melt. As the moisture is removed, the potassium 
hydroxide forms a white porous solid. Heating is continued for a minimum of 
48 hr, after which the potassium hydroxide is used immediately. 
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(b) Isomerization. In each synthesis approximately 15 gm (approximately 
0.1 mole) of the hydrazone is added to the flask containing 6 gm (approximately 
0.1 mole) of dried potassium hydroxide. The flask is fitted with a vacuum 
fractionation column, 15 cm long and 2.5 cm in diameter, glass-helix-packed 
to a height of approximately 3 cm. The top of the flask and the distillation 
column are carefully insulated with glass wool and aluminum foil, and heating 
is carried out with a Glas-Col heating mantle. The distillation head is connected 
to an oil pump through a vacuum gauge and a manostat. Heat is slowly applied 
at reduced pressure until refluxing takes place at a temperature below 120°C. 
Then, while maintaining a constant pressure, product is slowly removed 
through the distillation head. Collection of product is continued until a small 
increase in the head temperature is observed. Then the head is set for total 
reflux until the temperature in the head again stabilizes. Product is again col- 
lected and the process is continued. The use of an automatic distillation head 
whose takeoff valve is controlled by the head temperature rather than by the 
more usual time-cycling technique should be particularly useful in this 
preparation. 

Isomerization times range from 11 hr (in the case of cyclohexylazomethane) 
to 72hr (in the case of cycloheptylazomethane). Yields are in the range 
84-87% except in the case of cyclooctylazomethane, which failed to isomer- 
ize. The azo compounds produced by this procedure were identified by 
elemental analysis, boiling point, infrared spectra, and ultraviolet spectra. 

Table XI gives physical data for a series of alkyl azoalkanes produced by 
this procedure. 


B. Preparation of Cis Azo Compounds 


The normally prepared azo compounds are, as expected, predominantly in 
the trans form. However, on chromatographing typical azo compounds on an 
alumina column, a small, extraneous band had been observed which was 
subsequently identified as a small amount of the cis isomer. 

On irradiation of trans-azobenzene (m.p. 68°C) with ultraviolet light, the 
concentration of cis-azobenzene was increased. It had a melting point of 71°C. 
A mixture of cis- and trans-azobenzenes had a melting range from 35°C to 
45°C [72]. 

It was also observed that, for example, in the case of p,p’-azotoluene, on 
melting, the cis form was converted into the more stable trans form. 

To be noted in the preparation of cis-p,p’-azotoluene is the chromatographic 
technique used in the separation. This is a method which has been used widely 
in work with azo compounds as a general means of purification. 
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TABLE XI 


PHYSICAL PROPERTIES OF ALKYL AZOALKANES 


R’—N=N—R’" 
B.p., °C do 
R’ R’ (mm Hg) (gm/ml) no Ref. 
CsHio CH; 104 (743) 0.8647,5¢ (1.4414 = 151 
CoHi2 CH; 76 (66) — 1.4490 151 
CrHi4 CH; 92 (20) — — 15] 
(CH3)2CH CH; 49.4-49,97 0.7377 1.3797 149 
(CH3)2CHCH, CH; 79.5-80° 0.7583 1,394] 149 
(C.Hs)(CH3)CH CH; 78.5-78.7°% 0.7594 1.3943 149 
n-C3H7 CH; 87.5-87.77 0.7631 1.3969 149 
(78) 
(CH;)2CH CoH; 75.5% 0.7468 1.3887 149 
(CH;),CHCH, CoH; 105.4-105.6# 0.7646 1.4015 149 
(CH;3)2CH n-C3H7 101.8-102.3 0.7596 1.3987 149 
(CH3)2CHCH)> n-C3H7 129.4-129.67 0.7743 1.4094 149 
n-C,H, n-C3H, 112.4-112.72 0.7730 1.4065 149 
(CH;),CH (CH;3)2CH 89.6-89.7 0.7419 1.3901 149 
CeHsCH2 CH; 67.9-68.5 (10) 0.9635 1.5166 149 


* Pressure | atm. 


5-2. Preparation of cis-p,p'-Azotoluene [97] 


CH; 


N=N 
FOTO, 


CH; CH, 


CH; 


With adequate protection of personnel against stray radiation, a solution of 
400 mg of trans-p,p'-azotoluene in 100 ml of petroleum ether is subject to the 
radiation from an unshielded quartz mercury lamp for 30 min at a distance of 
30 cm. 

The solution is then chromatographed by passage through a 20 cm x 2 cm 
column packed with aluminum oxide (Merck). The trans isomer is completely 
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eluted from the column with 120-150 ml of petroleum ether. The cis-p,p’- 
azotoluene remains as a layer 1.5-2.0 cm long beginning about 1 cm from the 
top of the column. It is isolated by elution with 150 ml of petroleum ether con- 
taining 1° of methanol. The resulting eluent is washed with water.and dried 
with anhydrous sodium sulfate. The solvent is removed partially by evapora- 
tion under reduced pressure. From a low volume of solution the product is 
crystallized by cooling in an ice-water bath: yield 30 mg (7.5%), m.p. 105°C, 
mixed m.p. with trans isomer 95°-100°C. 

By a similar procedure, 1.0 gm of p-bromoazobenzene was isomerized in 
10 ml of chloroform by irradiation with a Hanovia type 16200 ultraviolet 
lamp for 2 hr [152]. The same authors, using the same equipment, prepared 
1.0 gm of cis-p,p’-azotoluene from 6.0 gm of the trans isomer by irradiation 
for 4 hr. They eluted the product from an aluminum oxide column with ether 
(152]. 

The synthesis of bis(crown ethers) with azo linkages normally produces the 
more stable trans isomers [87, 108, 20a]. Upon irradiation with a 500-W 
high-pressure mercury lamp, the trans form was converted to the cis and the 
kinetics of the process was studied. The cis isomer could be isomerized 
thermally to the trans. 

A recent study attempted to differentiate between an inversion and a 
rotational mechanism for the trans > cis (anti > syn) isomerism. This work 
indicates that the isomerization proceeds by an inversional mechanism 
{152a]. Table XII lists the melting points of many of the azo compounds used 
in this study. Some of the symmetrically substituted azobenzenes used had 
melting points similar to those recorded in Table VIII. 

Rau and Liiddeke [152b] also proposed a rotational mechanism on the 
basis of work with azobenzenophanes for which inversion is the only 
isomerization pathway. 


TABLE XII 
FURTHER PHYSICAL PROPERTIES OF AROMATIC AZO COMPOUNDS 
[152a] 

Compound M.p. (°C) 
4-Methoxyazobenzene 55.5-56 
4-Methylazobenzene 70-72 
4-(Trifluoromethyl)azobenzene 98.5-99 
4,4’-Bis(trifluoromethyl)azobenzene 103-104 
2,4’,6-Trimethylazobenzene Red oil 
2,2',6,6-Tetramethylazobenzene 49-49.5 
2,6-Dimethyl-4’-methoxyazobenzene 37.2-40.3 


2,6-Dimethyl-4’-(trifluoromethyl)azobenzene Red oil 
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6. MISCELLANEOUS PROCEDURES 


(1) Oxidation of dialkylhydrazines with cupric chloride [153] (Eq. 51). 


CuCl 
R—NH—NHR ——> R—N=N—R-Cu,Cl ——> R—N=N—R + Cu,Cl, 


A 
(51) 


(2) Oxidation of acylhydrazines with t-butyl hypochlorite in acetone at 
— 50° to — 70°C [154] (Eq. 52). This procedure is apparently suitable for azo 


.e) 
i \ 
CNH CAN 
| | — +» | | (52) 
c-NH coN 


compounds which are sensitive to acids and bases. It has been applied to 
simpler reaction systems. 

(3) Oxidation of hydrazines by complex formation with HgO followed by 
treatment with halogens [126]. 

(4) Oxidation of acylhydrazines with lead tetraacetate [155] (Eq. 53). 


(0) 
\ fe) i 
ee iocHs: CL 
| ————s i (53) 
I I 
(6) 0) 


(5) Oxidation of hydrazines with cuprous chloride and air [156] (Eq. 54). 


R R 
NH —— N (54) 
4 Y 
R’ NH R’ N 


(6) Oxidation of hydrazines with iodine pentafluoride [112]. 
(7) Oxidation of isocyanates with 100% hydrogen peroxide [157] (Eq. 55). 


re) 
l 
RNCO + HOOH + RNCO —> Pee = 


H,0 
(2RNH—CO,-] ——> RNHNHR ——> RN=NR_ (55) 
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(8) Catalytic hydrogenation of macrocyclic azines [104] (Eq. 56). 


Cc CH 
4 AN AN 
(CHa2)10 | ———.>__ (CHa)s0 | (56) 
ZN copper chromite \ __-N 
CH CH, 


(9) Reduction of azoxy compounds with triethylphosphine [158] (Eq. 57). 


a 
N ==N on =N. 
oe ae LL cl (57) 


(10) Coupling of amidrazones with phenols, active methylene compounds, 
or aromatic amines [159] (Eq. 58). 


— S= ; 
CH aaeee ——_ CH Xn & oO 


(58)! 
(11) Azo compounds from ketones with hydroxylamine sulfuric acid [160] 
(Eq. 59). 


H,N—O—SO3H NH N=N 
pase | 2 
OH-, 10°C ‘Oo OH HO 
(59) 


(12) From phenols with phenylhydrazines and perchlory] fluoride [161] 
(Eq. 60). 


perchlory! fluoride F 
CH; oH ————— 
34°C, CH;CO2H CH 5 


CH; CH; 


sae a 
NO 
ae {Lhe 
CH;0C,H,OH 
CH; NO, 
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(13) Reduction of aromatic nitro compounds with carbon monoxide [162] 
(Eq. 61). 


Fe(CO)s 
On 8-OHO « 


204-210°C, 3000 psi of CO 


(14) Reduction of aromatic nitro compounds with stannous chloride in 
basic medium [104]. 

(15) The addition of 2-diazo-1,3-diketones to active methylene com- 
pounds [163] (Eq. 62). 


Oo Oo 
R R 
CH3 / CH; / 
N. + CH, —~—> N=N—CH (62) 
CH; \ CH; \ 
R R 
oO Oo 


(16) Coupling of fluorinated nitriles [164] (Eqs. 63, 64) (see Table XIII). 


AgF 
CF;CF,CN Bs hear CF,;CF,—N=N—CF,CF; (63) 
and pressure 
BrF; 
R,CN R,CF,N=NCF>Ry (64) 


or BrF; and Br2 
at —S0°C to — 40°C 
[165] 


(17) Preparation of 1,1'-azobisformamides and biureas from dialkyl 
azodiformates [166] (Eq. 65). 


C,H;OC—_N=N—COGH;+RNH, ——> RNHC—N=N—CNHR (65) 


TABLE XIII 


PROPERTIES OF FLUORINATED AZO COMPOUNDS 
[164] PREPARED BY COUPLING OF NITRILES 


Compound B.p., °C (mm Hg) 
(CF3CF2N)2 68-717 
(CF;CF,CF2,CF2N)2 1134 
[CH3(CF2)6CF2N]2 67-65 (0.2) 
(HCF,CF,CF2N)2 106-1087 
(HCF,(CF2);CF2N]2 112-115 (28) 


ie 
* Pressure I atm. 
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(18) Preparation of polyazobenzenes [167] (Eq. 66). 


on{_\ no; 
NaSH 
Or Q™=OKQ = 
NH, non{ \ 


NO 
a) e. be aii (C Sr} <_\ (66) 
N-=N NH, 


(19) Periodic acid oxidation of cyclic phenylhydrazine derivatives [168] 
(Eq. 67). 


wy et) 
2Hs510¢ 


pkanah 3 + 6H,0 67 
, COR op + 210; + 6H; (67) 


fe) oO 
R R 


(20) Preparation of «-azohydroperoxides (CAUTION: Explosive) by 
oxidation of phenylhydrazones with molecular oxygen [169-171]: 

(21) Preparation of 2,19-dithia[3.3](4,4’)-trans-diphenyldiazeno(2)phene 
and related azobenzenophanes [152b]. 

(22) Preparation of polycyclic azoalkanes by reaction of a triazoline dione 
(urazoles) by base-catalyzed hydrolysis followed by oxidation [172, 173] (Eq. 


68). . 
h 
oa ' 
i) KOH 
4, ii) CuCl2 N : (68) 
iii) NaOH 
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CHAPTER 15 / AZOXY COMPOUNDS 


1. INTRODUCTION 


The chemistry of azoxy compounds was reviewed some time ago by Bigelow 
[1]. While his paper deals primarily with aromatic azoxy compounds, it does 
give examples of most of the general preparative procedures available. It is 
particularly valuable in its review of the pioneering work by Angeli on the 
structure of azoxy compounds which was published in the somewhat inacces- 
sible journal, Atti della Accademia Nazionale dei Lincei. 

Other references reviewing various aspects of the chemistry properties, and 
applications of azoxy compounds are [2-7]. References to toxic, mutagenic, 
and carcinogenic properties of some azoxy compounds are included in [3]. 

Early interest included, inter alia, the Wallach rearrangement of aromatic 
azoxy compounds under acid conditions to p-hydroxyazoaromatic products 
[8-10]. A more recent study of 4,4’-disubstituted azoxybenzenes indicates 
that if the substituents are electron-withdrawing groups, such a methoxy 
groups, the rearrangement products are mixtures of 4,4’-dimethoxy-3-hyd- 
roxyazobenzene and 4,4’-dimethoxy-2-hydroxyazobenzene [11]. 

The current interest in azoxy compounds is in connection with their 
physiological activities (see [3] and other papers by Snyder and co-workers) 
and their ubiquitous utilization in liquid crystals. Despite this, few, if any, 
novel methods for the synthesis of azoxy compounds have been proposed in 
recent years. 

One of the reactions which has been used to prepare azoxy compounds is the 
condensation of C-nitroso compounds with hydroxylamines. In the aliphatic 
series this reaction is quite general and permits the preparation of unsym- 
metrical azoxy compounds. In the case of aromatic compounds, however, only 
symmetrical azoxy compounds can be synthesized reliably. In the reaction of 
dissimilar aromatic nitroso compounds and aromatic hydroxylamines, a com- 
plex mixture of azoxy products is obtained. 

Aliphatic azoxy compounds have also been prepared by the condensation 
of C-nitroso compounds with amines, oximes, and even diazomethane 
derivatives. 

Grignard reagents have been reacted with diimide dioxides prepared from 
nitrosohydroxylamines and with derivatives of nitrosohydroxylamines to 
prepare unsymmetrical azoxy compounds, including aliphatic-aromatic 
types. 

The oxidation of both aliphatic and aromatic azo compounds to the 
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corresponding azoxy derivative may be carried out with a variety of reagents. 
While older techniques favored chromic or nitric acid as the oxidizing agent, 
newer methods make use of various organic peracids or hydrogen peroxide. 
In the oxidation of aliphatic azo compounds, relatively weak peracids are 
favored to reduce the possibility of acid-catalyzed isomerization of azo com- 
pounds to hydrazones. Under controlled conditions cis azo compounds may 
be converted into cis azoxy compounds. 

The problem of the position which the entering oxygen will occupy on oxida- 
tion of an azo compound has not been fully resolved. There is evidence that, 
in the case of some aliphatic azo compounds in which one side of the azo bridge 
is a methyl radical and the other side is a more complex aliphatic radical, the 
final azoxy compound bears the oxygen on the nitrogen atom farthest from the 
methyl radical. The effect of substituents on the oxidation of aromatic azo 
compounds has not been studied extensively. 

The oxidation of aromatic phenylhydrazones leads to cis azoxy compounds. 
At one time, these products were designated ‘‘hydrazone oxides,” but more 
recent work has established them as azoxy compounds. Aliphatic hydrazones 
give more complex oxidation products. At low temperatures, azoxy com- 
pounds form; at reflux temperatures, hydrazides are isolated. 

Some aromatic amines may be oxidized to azoxy compounds with peracids 
provided even traces of metallic ions are carefully excluded. In the presence of 
metallic ions, the oxidation product is the corresponding azo compound. 

Aromatic hydroxylamines, oxidized in the presence of metallic ions, are 
converted into nitroso compounds. In the absence of such ions, azoxy com- 
pounds form. 

The oxidation of indazole oxides constitutes a method for the preparation of 
unsymmetrical aromatic azoxy compounds with the position of the oxygen 
atom unequivocally established. 

Among the reductive methods of preparing azoxy compounds is the reduc- 
tion of aliphatic nitroso compounds with stannous chloride. Triethyl phos- 
phite has been used for the bimolecular reduction of fully fluorinated aromatic 
nitroso compounds, 

The bimolecular reduction of aromatic nitro compounds, depending on 
reaction conditions, may produce azoxy compounds, azo compounds, hydrazo 
compounds (1,2-diarylhydrazines), benzidines, or amines. Whereas the reduc- 
tion with zinc and sodium hydroxide leads to azo compounds, zinc and acetic 
acid/acetic anhydride produces azoxy compounds. Other reducing agents sug- 
gested are stannous chloride, magnesium with anhydrous methanol, a sodium-— 
lead alloy in ethanol, thallium in ethanol, and sodium arsenite. 

Alcoholic potassium hydroxide and sodium alcoholate in the presence of 
alcohols such as benzyl alcohol have been used as reducing agents for aromatic 
nitro compounds. 
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A particularly interesting and general reducing system for the preparation of 
azoxy compounds uses a strongly alkaline glucose solution as a reducing agent. 

Substituted aromatic nitro compounds having a substituent with a positive 
Hammett sigma constant can be reduced with potassium borohydride to the 
azoxy stage. 

The cis isomers of the normal trans azoxy compounds may be produced by 
cautious oxidation of cis azo compounds, oxidation of aromatic phenylhydra- 
zones, or by treatment of trans azoxy compounds with a base. 


NOMENCLATURE 


The naming of azoxy compounds in which the position of the azoxy oxygen 
atom is immaterial because the parent groups attached to the azoxy bridge are 
identical, or in which the position of the oxygen is unknown, follows the prin- 
ciples used in naming azo compounds except that “‘azoxy”’ is substituted for 
“azo.” 

In an unsymmetrically substituted compound, the position of the azoxy 


oxygen must be specified. The IUPAC [12] rules are as follows: 


(1) When both groups attached to the azoxy radical are cited, the prefix 
NNO or ONN is used before the term “‘azoxy”’: the prefix NNO specifies that 
the second of the two groups is attached to the NO group of the azoxy bridge 
(structure I), while ONN specifies that the first group is attached to the NO 


9 
CeHs—N==N—C.H4CH3(p) 
(I) Phenyl-NNO-azoxy-p-toluene 


group; for example, structure I may also be named p-tolyl-ONN-azoxyben- 
zene. 
(2) When only one parent compound is cited, ONN specifies that the primed 


substituent is directly attached to NO, while NNO specifies that the unprimed 
substituent is directly attached to NO (structures II, III). 


O 
Z 
Qos 
cl Cl 


(II) 2,2’,4-Trichloro-ONN-azoxybenzene 


Pp 
N=N Cl 
Cl Cl 


(IIT) 2,2’,4-Trichloro-NNO-azoxybenzene 


(3) To distinguish it from substances in which the position of the oxygen is 
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well established, a compound in which the exact position of the azoxy oxygen 
is uncertain or unknown may be designated by use of the prefix NON. 
(Unfortunately, Gillis and Hagarty [13] and Gillis and Schimmel [14] 
compound confusion by using the symbol NON to refer to ONN as defined 
above.) 

While this system of nomenclature is reasonably straightforward for many 
azoxy compounds, it is not adequate for more complex systems. It has 
therefore been suggested [15] that the parent azo compounds be designated 
N,N’-diimides (for R—N=N—R’) and that the azoxy compounds derived 
therefrom be termed oxides (or monoxides). 

This system of nomenclature then also simplifies the naming of unsym- 
metrical compounds, such as (IV), i.e., the dimers of the nitroso compounds, as 


fe) 
R-N=N—R 
é 
(iV) 


diimide dioxides. In this system of nomenclature, structure (V) becomes 
OrO- 
t 
0] 
(V) 
N-phenyl-N’-[4-chlorophenyl]diimide N-oxide, and structure (VI) becomes 


N=N Cl 
Sane, 
oO 


(VD 


N-phenyl-N’-[4-chlorophenyl]diimide N’-oxide. The term “‘diazine” has.also 
been used instead of “diimide” [16]. 

Another system of nomenclature, developed with the cooperation of the 
editors of the Journal of the Chemical Society (London), will be found in Brough 
et al. [17]. It is reasonably simple and straightforward. Another system is 
used by Spence et al. [18]. The current Chemical Abstracts system uses 
designations such as “Diazene, diphenyl-1-oxide” [19]. 

Particularly in the older literature, « and B designations are found. In many 
cases, this designation may simply indicate that the authors isolated two 
isomeric azoxy compounds of unspecified structure. Where the identity of the 
isomers has been established the a term implies that the NO group is directly 
attached to the parent radical in the name, i.e., e-4-chlorophenylazoxyben- 
zene is equivalent to N-phenyl-N’-[4-chlorophenyl]diazene N-oxide, while B 
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implies that the NO group is not attached to the parent radical, i.e., B-4- 
chlorophenylazoxybenzene is equivalent to N-phenyl-N’-[4-chlorophenyl]- 
diazene N’-oxide. 

Cis-trans isomerism is usually indicated by conventional nomenclature 
rules, although it must be pointed out that the older literature mentions such 
geometric isomerism rarely. 

In this chapter our nomenclature usually follows the preference of the 
original authors, although we tend to favor the “azoxy” nomenclature over 
the diimide monoxide or diazene-1-oxide convention for the simpler struc- 
tures. 


2. CONDENSATION REACTIONS 


A. Reaction of C-Nitroso Compounds with Hydroxylamines and Related 
Compounds 


As has already been indicated in the discussion of the nomenclature of azoxy 
compounds, the syntheses of these compounds concern themselves with such 
problems as the position of the azoxy oxygen in unsymmetrically substituted 
products,* cis—trans isomerism, and whether one or both of the parent hydro- 
carbons are aromatic or aliphatic. 


* In the present discussion the terms “symmetrically substituted” and ‘‘unsymmetrically 
substituted” products refer to the nature of the parent hydrocarbons attached in a strictly 
linear fashion to the azo compound from which the azoxy compounds may be derived. For 
example, in this context the following structures are considered “‘symmetrically substituted”’ 
azoxy compounds: 


oO Z 
aA 
N on 
Ce ‘nS Nw 
Examples of ‘“‘unsymmetrically” substituted azoxy compounds would be 
O 
Pal 
Or On 
Oo 
O 
7 
On 2 
Se 
SS 


CH; CH; 
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It is self-evident that one of the simpler methods of preparing unsymmetric- 
ally substituted azoxy compounds must involve the condensation of two dis- 
tinctly different starting materials. In principle, the reaction of C-nitroso 
compounds with hydroxylamines meets this requirement (Eq. 1). 


R—NO + R‘NHOH ——> R—NON—R’ + H,0 qd) 


Historically this reaction developed from the assumption that the formation 
of azoxy compounds by the reduction of aromatic nitro compounds probably 
involved the intermediate formation of C-nitroso compounds and hydroxyl- 
amines. In the all-aliphatic series, this reaction appears to be quite general. 
Symmetrically and unsymmetrically substituted azoxy compounds have been 
prepared by it, the only major problems being the usual ones of developing 
procedures that afford good yields and of determining the exact position of the 
azoxy oxygen in unsymmetrically substituted products. 

In this reaction the source of the azoxy oxygen appears to be the nitroso 
group [16]. The preparation of t-butyl-ON N-azoxymethane (N-methyl-N’-t- 
butyldiazene-N’-oxide) is an example of a preparation of an unsymmetrical 
azoxy compound which is quite generally applicable. The structure assign- 
ment is based on NMR data. 


2-1. Preparation of t-Butyl-ONN-azoxymethane (N-Methyl-N'-t-butyldia- 
zene-N'-oxide) [16, 2] 


o" CH; (0) 
7 
CH;—C—NO +CH;NHOH-Hc! ¥2#, CH;C—N=N—CH;+HCI+H,0 (2) 
CH; CH; 


(SAFETY NOTE: C-Nitroso compounds and hydroxylamine derivatives 
must be handled with due caution. The final product may also have adverse 
physiological properties [3].) 

To a stirred suspension of 1.9 gm (0.033 mole) of powdered potassium 
hydroxide in 25 ml of anhydrous ether in a reflux setup is added gradually 2.6 
gm (0.03 mole) of N-methylhydroxylamine hydrochloride. The ether is evapo- 
rated at reduced pressure, leaving a slightly yellow, curdy solid. To this residue 
is rapidly added 2.4 gm (0.03 mole) of t-nitrosobutane. The reaction mixture is 
cautiously warmed. The exothermic reaction which may develop is moderated 
by cooling the flask as required. After the reaction has been brought under con- 
trol, the reaction system is heated first for 1 hr at 85°C, followed by heating at 
110°C for 2 hr. After the reaction mixture has been cooled, it is diluted with 
approximately 10 ml of water. The product is separated from the aqueous layer 
by repeated extraction with ether. The ether extracts are combined and dried 
over anhydrous sodium sulfate. After filtration and removal of the ether by 
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evaporation, the residue is distilled under reduced pressure. The colorless 
product is isolated at 60°-62°C (110 mm Hg): yield 2.2 gm (63 %), 29 1.4265. 

By a similar procedure the symmetrical 2-azoxy-2,3-dimethylhexane was 
also produced [20]. The properties of aliphatic azoxy compounds are given 
in Table II (see pp. 450-451). 

The preparation of symmetrical aromatic azoxy compounds by the con- 
densation of a C-nitroso compound with a hydroxylamine using a procedure 
similar to the one given above is quite straightforward when suitable 
modifications are made to handle the solid products [21]. The problem is 
more complex when an attempt is made to prepare an unsymmetrical 
aromatic compound by the condensation of starting materials having differ- 
ent parent hydrocarbon radicals. A typical product mixture obtained from 
such a reaction is given in Eq. (3) [22]. The percentages given represent 
percentages of material found in the isolated and separated product mixture. 


( \-xnow + on{ \-a — 
o{ \rox{ \-o + { \-rox¢_\ + ( \-nov-(_\-« 


(50%) (32%) (18%) Q) 


To be noted here is that the expected product (p-chlorophenylazoxybenzene) 
constituted only 18°% of the isolated product. We may assume that the exact 
composition of such product mixtures will vary considerably with the nature 
and position of the substituents on the aromatic rings of either the nitroso or 
the hydroxylamine compound. The position of the azoxy oxygen may also be 
influenced by these substituents. 

The mechanism of the formation of this complex product mixture is subject 
to some discussion in the literature. 

One mechanism postulates a rapid preliminary equilibrium between the 
reactants which, in effect, would be a mutual oxidation-reduction equilibrium 


x{_ \-no+ ( \-xnon =— 
x{ vio zs ( \-xo (4) 


(Eq. 4), which is thought to involve the intermediate formation of an ionic 
species [23, 25] (Eq. 5). This postulate is based on results obtained with 
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isotopically labeled starting materials. When !°N was used in one of the 
starting materials, a statistically scrambled distribution of 1>N was found in 


( \-xo 4. ( \-xn,08 canes 


oO OF 
| | 


N—N —— > products (5) 


the product; when '8O in phenylhydroxylamine was used, the resulting 
azoxybenzene showed only a 50% enrichment under a variety of conditions, 
implying that the source of the azoxy oxygen in aromatic compounds is the 
hydroxylamine only to the extent of 50% [25]. 

The formation of the ionic species in Eq. (5) may be the result of the inter- 
mediate existence of radical anions (Eqs. 6-8). 


( \-xo (_ \-xnon =——s 2¢ \-no- (6) 
o- 
Or =Or'O = 
&- 

Ox4D « 

HO 

o 0) 
( Nxt \ eee € \nor{ Soon (8) 
HO 


The last step of this mechanism (Eq. 8) is said to be favored by the presence 
of alcohols and prevented or slowed in dimethyl sulfoxide [26]. In this 
reference the role of solvents, strong bases, etc., is discussed. However, more 
facts are required to develop this condensation to the point where the 
formation of unsymmetrically aromatic azoxy compounds can be controlled. 

Aliphatic C-nitroso compounds have also been condensed with aliphatic 
amines and oximes. Among the products isolated have been fair yields of 
alipathic azoxy compounds [27]. The detailed analysis to account for the 
stoichiometry of the reactions is still lacking. These reactions may require 
further development, and only one example is given here for reference. 
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2-2. Preparation of Azoxycyclododecane [27] 
Cc 


CH? H2 
aa wes 
(CH2)) CH—NO+(CH2)5 C=NOH — > 
ae Ay, 
CH, CH 


CH? oO CH, 


t 
(CH2)o ams ae + Miscellaneous products (9) 
CH2 CH 


With due precautions for the handling of C-nitroso compounds, oximes, 
and azoxy compounds, a stirred mixture of 10 gm (0.05 mole) of nitrosocyc- 
lododecane and 10.1 gm (0.051 mole) of cyclododecanone oxime in 100 ml of 
propionic acid is heated to reflux for 3 hr. Then the reaction mixture is 
distilled under reduced pressure to remove approximately 70 ml of the 
propionic acid. The distillation residue is cooled to room temperature, 
diluted with 80 ml of methanol, and cooled in an ice bath to 0°-5°C to hasten 
the crystallization of the product. The product is separated by filtration: yield 
4.1 gm (21.3%), m.p. 75°-78°C. 

Some 2-nitrosoacylbenzene derivatives have been reacted with phenyldia- 
zine in toluene to produce mixtures of benz[c]isoxazoles and azoxy com- 
pounds (Eq. 10) [28]. 


NO 


oO 
ea: OO OVE on a 
C,H,—N 


Nitrosobenzene has been reacted with complex amines in the presence of 
an acid chloride (presumably to protect the amino group) and iodine to form 
a phenyldiazene oxide [29]. 

Haszeldine and co-workers [30] have treated fluorinated nitroso com- 
pounds with diazomethane derivatives to produce azoxy compounds derived 
from the nitroso starting material (e.g., Eq. 11). 


oO 


Ph2CN2 
2CF,NO ——» CF;—N=N—CF, + Ph,CO (11) 
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B. Preparations Involving Organo-metallic Reagents 


A method for the preparation of unsymmetrical azoxy compounds in- 
volves the reaction of certain diimide dioxides with Grignard reagents [15]. 
This reaction has somewhat limited applicability because the diimide diox- 
ides which were used were prepared by alkylation of organonitrosohy- 
droxylamines, a class of compounds of which “cupferron” is perhaps the 
best-known example. The reaction is, in effect, a reduction of a diimide 
dioxide to an azoxy compound by use of a Grignard reagent. The overall 
process is represented by Procedure 2-3. Since the starting materials are, in 
effect, unsymmetrically substituted “nitroso dimers,” extension of the reac- 
tion to nitroso dimers would be interesting. 


2-3. Preparation of Methyl-NNO-azoxybenzene [15] 


Oo O 
N==-0 |~ xu f CH 
a (CHs)2S0, =N—CH3 0 2CH,*MgCl 
' + > 
[orm NH, Na2CO; Cy 
Cupferron N-Methyl-N ’-phenyl- 


diimide dioxide 


oO 


t 
Cia +(CH,* + CIMgCH,OMgCl (12) 


NOTE: In Eq. (12) we indicate the fate of the methyl group from the 
Grignard reagent by use of the symbol CH,*. 

(SAFETY NOTE: Dimethyl sulfate is considered carcinogenic. Other 
materials used also may be hazardous.) 

To a solution of 4.2 gm (0.0276 mole) of N-methyl-N’-phenyldiimide 
dioxide in 50 ml of anhydrous ether is added 185 ml of a 0.21 N solution of 
methyl magnesium chloride in anhydrous ether (0.0389 mole) over a 3 hr 
period while maintaining the reaction mixture at 20°C. Then the reaction 
mixture is cautiously heated with 100 ml of a saturated aqueous solution of 
ammonium sulfate. At this point 37 mg of an unidentified deep-red solid (m.p. 
126°-127°C dec. after recrystallization, m.p. 140.5°C dec. separates. This 
material is removed by filtration and discarded. 

The ether layer is cautiously steam-distilled. The cooled distillate is extracted 
with ether and the ether extract is discarded. The ether-insoluble portion is then 
crystallized from petroleum-ether (b.p. 40°-60°C) to afford 0.54 gm (14%) of 
product, m.p. —3° to 0°C. On repeated crystallization, the melting point may 
be raised to 6.5°-8.5°C, 2° 1.556. 
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A more convenient variation of this reaction involves preparing the toluene 
sulfonyl derivatives of the nitrosohydroxylamines and treating these “tosy- 
lates” with Grignard reagents. This procedure permits the preparation of a 
variety of unsymmetrical azoxy compounds [31]. The cited reference shows 
only the preparation of aromatic azoxy compounds and arylazoxyalkanes by 
the reaction of Grignard reagents with tosylates derived from aromatic 
nitrosohydroxylamines. Aliphatic nitrosohydroxylamine tosylates did not 
undergo this reaction, thus precluding the possibility of using this approach 
for the preparation of totally aliphatic azoxy compounds. 

The tosylates may be prepared by treating the nitrosohydroxylamine with 
p-toluenesulfonyl chloride in aqueous sodium bicarbonate solution, in ace- 
tone-aqueous sodium hydroxide mixtures, or in benzene solution with the 
preformed salts of the nitrosohydroxylamines. 

The Grignard reagents used in the reaction may be either those derived 
from aryl halides or those formed from alkyl halides. Phenyllithium reacted 
with the tosylate to give sulfones rather than azoxy compounds. 

Traces of azo compounds were detected in the reaction mixture. They 
probably were formed by the reduction of the azoxy compound by the 
Grignard reagent. 


2-4. Preparation of 4'-Methylazoxybenzene (p-Tolyl-NNO-azoxybenzene) 
[31] 


N=-0 ]~ 


I 7 
( \-Ke0 nnevcrs—{ soc Ones 
° 
Oba Oar o 
? 
( \-x-noso-_\-cn, % cry—( spr = 
? 
( \-x{ on (14) 


(a) Preparation of phenylnitrosohydroxylamine tosylate. Toa stirred solu- 
tion of 16 gm (0.10 mole) of Cupferron (ammonium salt of N-phenyl-N-nitroso- 
hydroxylamine) in 200 ml of a 10% sodium bicarbonate solution in water at 
room temperature is added 22 gm (0.11 mole) of p-toluenesulfonyl chloride. 
The reaction mixture is vigorously stirred overnight and extracted with 
methylene chloride. 
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After removal of the methylene chloride from the extract by evaporation, the 
dark residue is stirred with 30 ml of methanol. The solid which forms is sepa- 
rated by filtration. Recrystallization of the solid affords 12 gm of N-pheny]l- 
N’-tosyloxydiimide N-oxide (65%), m.p. 130°-137°C dec. 


(b) Preparation of 4'-methylazoxybenzene. Toastirred solution of 2.20 gm 
(7.5 mmoles) of N-phenyl-N’-tosyldiimide N-oxide in 40 ml of tetrahydrofuran 
at room temperature is added dropwise 9 ml of a 1.2 M solution of p-tolyl- 
magnesium bromide in tetrahydrofuran. After the addition has been com- 
pleted, the reaction mixture is stirred at 50°-60°C for 2 hr, cooled, and then 
poured into a mixture of ice and dilute hydrochloric acid. The crude product is 
extracted with methylene chloride. After concentration of the organic layer by 
evaporation at the aspirator, the residue is percolated through a silica-gel 
column. Elution of the column with pentane-methylene chloride (3:1) 
affords first 0.06 gm of 4-methylazobenzene (m.p. 69°-70°C). Continued 
elution first with pentane—-methylene chloride (2:1) and then at a ratio of 1:1 
finally gives 1.16 gm of 4’-methylazoxybenzene: yield 73%. After recrystal~- 
lization from hexane, 1.05 gm of product is isolated, m.p. 50°-51°C. 

Alkyllithium and Grignard reagents have been reacted with N-nitroso- 
O,N-dialkylhydroxylamines to form regiospecific azoxy alkanes. Usually the 
(Z)-stereoisomers were isolated. However, in one case the (E)-form was the 
major product [32]. 

Treatment of N-chloro-N-alkoxy-N-tert-alkylamines with Grignard re- 
agents afforded N-alkyl-N-alkoxy-N-tert-alkylamines and a “dimeric” azoxy 
compound (Eq. 15) [33]. 


O CH, O CH, 
| CoHsMgCl 
CH,OC—C-——N—OCH, —————+ CH,0C—C—N—C,H, + 
CH, Cl CH, OCH, 


approx. 11% yield 


fe) CH, ° CH oO 
CH,0C—C— —N=N-C—C- OCH, (15) 
CH, CH, 


approx. 19% yield 


Aryliminodimagnesium reagents reacts with aromatic nitro compounds to 
produce a mixture of six symmetrical and eight unsymmetrical azoxyarenes 
(Eq. 16) [34]. According to a related Japanese patent, such reagents may 
form mixtures of azoxy and azo compounds, probably by deoxygenation of 
the azoxy compounds by an excess of aryliminodimagnesium. 
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3. OXIDATION REACTIONS 


A. Oxidation of Azo Compounds 


Since both symmetrical and unsymmetrical azo compounds may be prepared 
bya variety of procedures, it is self-evident that synthetic methods for the intro- 
duction of an oxygen atom on the azo bridge would be a useful approach to 
azoxy compound preparation. Although several such methods exist, surpris- 
ingly little attention has been paid to the following problems. 


(1) Since azo compounds may be prepared by the oxidation of hydrazo 
compounds via procedures similar to those used in oxidizing azo compounds 
to azoxy compounds, better definition of reaction conditions is required to 
control the formation of either type of compound. The existing literature rarely, 
if ever, indicates that the oxidation of a 1,2-disubstituted hydrazine could con- 
ceivably produce a mixture of azo and azoxy compounds. 

(2) In the case of the oxidation of unsymmetrically substituted azo com- 
pounds, we would expect, a priori, that invariably a mixture of -ONN- and 
-NNO- products would be produced. This has rarely been observed, possibly 
because of the difficulties of structural studies or because of inadequate separa- 
tion techniques [36, 37]. 

(3) Although one laboratory has studied which of the two nitrogen atoms 
preferentially accepts the entering oxygen in the aliphatic series and another 
has made a start on the aromatic series, much more systematic work in this 
area is required. 


It would seem to us that, through careful attention to accounting for the fate 
of the starting material by quantitatively separating all the products of the re- 
action, through the use of modern chromatographic and kinetic techniques 
(see, for example, Badger and Lewis [38, 39]), and through the application of 
modern instrumentation, answers to many of these related subsidiary ques- 
tions should be uncovered. 
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While such oxidizing agents as chromic acid and nitric acid have been used 
to convert azo compounds into azoxy compounds, the more recent tech- 
niques have involved perbenzoic acid [17, 38-42], peracetic acid, or hydrogen 
peroxide in glacial acetic acid [13, 43-47], and hydrogen peroxide in 
trifluoroacetic acid [48]. Use of the various organic peroxides and hydroper- 
oxides does not appear to have been studied. 

The possibility exists that strong acidic reaction systems such as hydrogen 
peroxide in glacial acetic acid may cause isomerization to hydrazones, 
particularly in the oxidation of aliphatic or aliphatic-aromatic azo com- 
pounds. Therefore, the much milder perbenzoic acid in an inert solvent has 
been suggested as an oxidizing agent [17]. Peracetic acid (40% solution) has 
also been used in conjunction with indifferent solvent [13, 16]. 


3-1. Preparation of trans-w-Azoxytoluene [16] 


CH,—N 
\ (0} 
N—CH, es 


CsHsCO3H 


Oa 
CH,—N 
‘Sout \ (17) 


To a solution of 2.67 gm (0.02 mole) of perbenzoic acid in 50 ml of chloro- 
form which is being stirred and maintained at 0°C is added over a 30 min period 
a solution of 4.2 gm (0.02 mole) of w-azotoluene in 50 ml of chloroform. The 
mixture is stirred at 0°-5°C overnight. Then the vigorously stirred reaction 
mixture is treated with a slight excess of a 10% solution of potassium iodide in 
water followed immediately by an excess of a 0.1 N sodium thiosulfate solution. 
The organic layer is separated and washed in turn with ice water, cold 1 N 
sodium hydroxide solution, and again with water. 

The product solution is dried with anhydrous magnesium sulfate, filtered, 
and then freed from solvent by evaporation under reduced pressure. The oily 
residue is crystallized from ethanol: yield 3 gm (67%), m.p. 42°-43°C. 


Under similar conditions, cis-azobenzene could be oxidized to cis-azoxy- 
benzene. Evidently the only major precaution to be taken in this preparation 
is the exclusion of ultraviolet light (by carrying the reaction out in a dark 
room) [41]. Whether this precaution is truly required is open to some doubt 
since cis-azoxybenzenes were prepared more recently by oxidation while 
warming with a heating lamp [46]. The isomerization by ultraviolet light is 
probably an equilibrium process in which equilibrium constants have a 
pronounced dependence on the chemical constitution of the materials 
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involved. Therefore, variations in the observations of the stability of the 
products are not entirely surprising. 


3-2, Preparation of cis-Azoxybenzene [41 } 
Oo 


N N 


t 
N==N 
[O} 
oO 0) goths as) 
Nw 


In a dark room, to 50 ml of a 0.78 N solution of perbenzoic acid in chloro- 
form is added with stirring, at room temperature, 1.5 gm (0.008 mole) of cis- 
azobenzene. The mixture is stirred for 24 hr. Then it is extracted in turn with 
three 40 ml portions of 5% aqueous sodium hydroxide solution and one 50 ml 
portion of water. The chloroform solution is rapidly dried with anhydrous 
sodium sulfate, filtered, and evaporated at room temperature under reduced 
pressure. The trans isomer is separated from the desired cis isomer by slurring 
and filtering the resulting solid six times with 20 ml portions of petroleum ether 
(b.p. 40°-60°C). The residue is the desired product: yield approx. 0.75 gm 
(50%), m.p. 87°C. 


The oxidation of azo compounds with hydrogen peroxide in an acetic acid 
medium or with peracetic acid has been carried out by many investigators. For 
example, in a study of the 4,4’-dialkoxyazoxybenzenes, which are of interest 
in the field of liquid crystals, the corresponding alkoxynitrobenzenes were 
reduced with lithium aluminum hydride to the corresponding azo stage and, 
after decomposition of the reducing agent and removal of the solvent, the pro- 
duct residue was taken up in acetic acid and oxidized at 65°C for 36 hr with 
30% hydrogen peroxide. By this method a 75% yield of 4,4’-dihexyloxyazoxy- 
benzene was obtained, m.p. 81°C, nematic-liquid transition point 128°C. To 
be noted is that the crude reaction product contained approximately 30% of 
the unoxidized azo compound. Separation was accomplished by chromato- 
graphy on aluminum oxide [43]. 

While the reported yields from the hydrogen peroxide oxidation are highly 
variable, the accessibility of starting materials and the simplicity of the pro- 
cedure are significant factors in considering the reaction. 

In one of the few studies to determine the position of the entering oxygen 
atom in the case of unsymmetrically substituted aromatic azo compounds, it 
was found that, at least for compounds with one hydroxyl group ortho to the 
azo bridge, the entering oxygen attaches itself to the nitrogen nearest the 
hydroxyl group, as in Eq. (19). Only when this hydroxyl group is acylated or 
tosylated does the oxygen also attack the nitrogen atom removed from the 
acylated substituent as in Eq. (20) [45]. 
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X = OCH;, CH;, Br, NO2 
R = COCH3;, COC¢Hs, or SO2C5H4CH;(p). 


In view of the poor yield reported and the lack of details on structure deter- 
minations in this particular paper, the structure assignment needs amplifica- 
tion. 

Preparation 3-3, that of (2-bromophenyl)-NNO-azoxy(2-hydroxy-5-methyl- 
benzene), illustrates the general procedure followed. 


3-3. Preparation of (2-Bromophenyl)-NNO-azoxy (2-hydroxy-5-methylbenzene) 
[45] 


Br HO. Br 
Su a OQ « 
(H202) 
CH; 


CAUTION: 30% hydrogen peroxide must be handled with sear precau- 
tions supplied by the manufacturer. 


a: 


To a solution of 1.4 gm (4.8 mmoles) of (2-bromopheny!)azo(2-hydroxyl- 
5-methy!benzene) in 100 ml of glacial acetic is added 16.7 ml of 30% hydrogen 
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peroxide. The mixture is warmed between 75°C and 80°C for 18 hr. During 
this time the color of the solution changes slowly from dark red to orange. 
After cooling and filtration to remove unidentified insoluble materials, the 
solution is poured over 200 gm of ice. The precipitated crude product is col- 
lected on a filter and washed with distilled water until no longer acid to Congo 
red. The filter cake is then pressed dry and air-dried in the dark. Then the crude 
product is recrystallized from 40 ml of a solution consisting of 30 ml of acetone 
and 10 ml of water: yield 0.2 gm (15°), m.p. 96°C. No other products were 
isolated from the oxidation. 

Cis azobenzenes have been oxidized with more concentrated hydrogen 
peroxide solutions, as illustrated in Procedure 3-4. 


3-4. Preparation of cis-p-Azoxytoluene [46] 


N: N 
H 
on 
N CH; Tr (23) 
CH; CH; 
oO 
t 


CAUTION: Proper precautions must be taken in handling 98% hydrogen 
peroxide. 


(a) Preparation of oxidizing mixture. A solution of 140 ml of glacial acetic 
acid and 6.0 ml (248 mmole) of 98 % hydrogen peroxide is allowed to stand over- 
night. The mixture is then extracted with three 20 ml portions of chloroform. 
The chloroform layer is drawn off, dried with calcium sulfate, filtered through 
a glass-wool plug, and used promptly. 


(b) Isomerization of p-azotoluene. A solution of 6.0 gm of p-azotoluene in 
ligroin is irradiated with a Hanovia ultraviolet lamp (type 16200) for 4 hr. The 
product mixture is then separated by chromatography on an aluminum oxide 
column. In this procedure the trans isomer is eluted with ligroin, the cis isomer 
with diethyl ether. The recovered trans isomer is concentrated and reprocessed 
until sufficient cis isomer has been accumulated. 


§ 3. Oxidation Reactions 431 


A solution of 1.00 gm (5.27 moles) of cis-p-azotoluene taken up in 5 ml of 
chloroform and 50 ml of the oxidizing solution is placed in a flask which had 
been covered with black enamel. The reaction flask is placed in a Dewar flask 
containing an ice bath maintained at 0°C for 6 hr. Then the product solution is 
poured into 100 ml of ice-cold water and the organic phase is separated. From 
this stage on, all solutions are precooled to —5°C and the chromatographic 
column is maintained at 0°-3°C by use of a cooling jacket. 

The chloroform solution is extracted in turn with two 50 ml portions of 
water, one 50 ml portion of a 10% aqueous sodium carbonate solution, and 
another 50 ml portion of water. The chloroform solution is then dried over 
calcium sulfate, filtered, and evaporated to dryness in an air stream. 

The residue is taken up in approximately 15 ml of redistilled 40°-60°C 
ligroin and placed on a cooled chromatographic column (12 x 150 mm) filled 
with 200 mesh silicic acid. The trans azo and trans azoxy compounds are eluted 
first with ligroin and a solution of 2% (by volume) of ether in ligroin. The cis 
azoxy compound is finally eluted with a 10% (by volume) solution of ether in 
ligroin. The product solution is evaporated at 0°C in an air stream. 

The product residue may be washed with cold solvents: yield 541 mg (48 °%). 


In the oxidation of unsymmetrical «,8-unsaturated aliphatic azo compounds 
with 40 % peracetic acid it was found that the long-held notion that the oxygen 
will always attack the nitrogen attached to a methyl group in an azomethane 
derivative is, in fact, not correct [13]. At least in some of the examples 
given, the preferred oxidation is at what would seem to be the more 
sterically hindered side of the azo bridge. Preparation 3-5 illustrates this 
point. Similarly, 1-(methylazo)cyclohexene was oxidized to 1-(methyl-NNO- 
azoxy)cyclohexene. However, 2-(methylazo)isobutene was converted into 
2-(methyl-ON N-azoxy)isobutene. 


3-5. Preparation of 2-( Methyl-NNO-azoxy)propene [13] 


O 
t 
CH;—N=N—C=CH, —Ol, CHy—N=N—C—CH; (25) 


CH; CH; 


CAUTION: Due safety precautions must be taken when handling 40% 
peracetic acid. 


A stirred solution of 7.2 gm (86 mmole) of 2-(methylazo)propene in 100 ml 
of anhydrous diethyl ether is gradually treated with 22 gm (116 mmole) of 
40% peracetic acid. The addition rate is controlled so that gentle refluxing 
takes place until the color of the azo compound has faded. After completion of 
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the addition, the reaction mixture is allowed to stand for several hours. The 
reaction mixture is neutralized by the cautious addition of powdered sodium 
carbonate, and then filtered. Ultimately traces of residual acid are removed by 
treatment of the filtered reaction mixture with 10% sodium carbonate solution. 
The ether layer is separated and dried with anhydrous magnesium sulfate. 

After filtration, the ether is removed by evaporation in an air stream. The 
final product is recovered by distillation under reduced pressure (behind a 
shield because possible hydroperoxides of ether have not been adequately 
removed): yield 3.8 gm (44%), b.p. 84°-86°C (150 mm Hg), n2> 1.4660. 

The oxidation of a fluorinated aromatic azo compound has been carried out 
with a mixture of 89% hydrogen peroxide and trifluoroacetic anhydride; it 
may be considered a trifluoroperacetic acid oxidation [48]. 


3-6. Preparation of Octafluoro-4,4'-dimethoxyazoxybenzene [48] 


F F F F 
CH;0 N= OCH; HQ 
(CF3CO)20 
F F F F 
F F 
° 
CH;0. N=N. OCH; (26) 
F F F F 


CAUTION: Due precautions must be taken when handling 89% hydrogen 
peroxide and when carrying out this trifluoroperacetic acid oxidation. 


To a solution of 0.7 gm (1.96 mmoles) of octafluoro-4,4’-dimethoxyazo- 
benzene in 30 ml of methylene chloride is added a cooled solution prepared 
from 8 ml of 89% hydrogen peroxide and 5 ml of trifluoroacetic anhydride. 
After refluxing the red solution for 15 min, the expected change to a yellow 
color has taken place. The reaction mixture is added to a large volume of cold 
water, the organic layer is separated and dried over anhydrous magnesium 
sulfate. After filtration and evaporation of the solvent, 0.64 gm (82 %) of crude 
product remains. After recrystallization from methanol, the m.p. is 130°C. 


B. Oxidation of Hydrazones 


A number of years ago it was observed that the perbenzoic acid oxidation of 
benzaldehyde phenylhydrazone afforded a high-melting product of low 
solubility which was termed “‘benzaldehyde phenylhydrazone oxide.”” More 
recent work has shown that this, as well as related oxidation products of other 
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phenylhydrazones, is, in fact, the cis isomer of the corresponding azoxy com- 
pounds [14, 17]. 

In this connection it is interesting to note that the rapid oxidation of phenyl- 
hydrazones with peracids generally leads to cis azoxy compounds, while the 
slower air oxidation (particularly when exposed to light) evidently affords 
hydroperoxides of some thermal stability which decompose to azo com- 
pounds [49]. 

Also to be noted is that the position of the entering oxygen in the azoxy 
product is reasonably certain. A possible mechanism for the oxidation has been 
proposed [14] (Eqs. 27-29). 
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In effect, this mechanism indicates that the hydrogen of the NH group is 
replaced by the entering oxygen. The fact that cis isomers appear to be formed 
invariably is not explained by this mechanism. The unusually high melting 
point of cis aliphatic azoxy compounds may be attributed to the fact that either 
these cis compounds have a higher dielectric constant than the corresponding 
trans isomers, or partial association to a dimeric structure takes place to give a 
possible structure such as (VIII) [14]. 
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Evidently phenylhydrazones of aromatic aldehydes, on peracetic acid oxida- 
tion, are converted to azoxy compounds in good\yield. The situation is more 
complex with aliphatic hydrazones of aromatic aldehydes (e.g., methylhydra- 
zones and benzylhydrazones). In the case of methylhydrazones, oxidation at 
ice temperatures afford the expected cis azoxy compounds. At reflux tempera- 
tures the oxidation product is the isomeric hydrazide. Thus, for example, 
benzaldehyde methylhydrazone is converted into 1-benzoyl-2-methylhydra- 
zine. Evidently the hydrazide is formed by rearrangement of the azoxy com- 
pound in the acidic reaction medium. Similarly, p-tolualdehyde benzylhydra- 
zone, on oxidation, affords a mixture of «-(benzyl-ONN-azoxy)-p-xylene and 
1-benzoyl-2-(a-p-xylyl)-hydrazine. Again, it was found that acids will bring 
about the rearrangement of the aliphatic azoxy compound to the hydrazide. 


3-7. Preparation of cis-a-(Phenyl-ONN-azoxy )toluene [14] 


oO 
t 
ia 
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CAUTION: Due safety precautions must be taken when handling 40% 
peracetic acid. 


To a stirred solution of 19.6 gm (0.10 mole) of benzaldehyde phenylhydra- 
zone in ether is slowly added a solution of 25.0 gm (0.13 mole) of 40 % peracetic 
acid in ether. Stirring at room temperature is continued for 3 hr after comple- 
tion of the addition. Since the product is quite insoluble, it is filtered off 
directly from the reaction mixture and washed in turn with chloroform and 
ether. After drying, the melting point is determined by inserting a melting- 
point tube into a bath preheated to 170°C, m.p. 187° dec.; yield 11.5 gm (54%). 


(CAUTION: Disposal of the peroxide-containing ether and chloroform 
must conform to recommended safety procedures.) 


C. Oxidation of Aromatic Amines 


The oxidation of aromatic amines generally produces highly colored, tarry 
product mixtures. However, some aromatic amines have been successfully 
converted into azoxy compounds by peracetic acid oxidations. In regard to the 
factors influencing the reaction, several observations may be pertinent. 


(1) In the oxidation of pentafluoroaniline with performic acid, along with 
the expected pentafluoronitrosobenzene, a 17% yield of decafluoroazoxy- 
benzene was isolated. Separate experiments showed that the condensation of 
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the nitrosobenzene with the residual amine did not lead to the clean-cut prepa- 
ration of the azoxy compound, whereas the thermal degradation of the 
nitroso compound did afford the azoxy compound. The implications of these 
observations are that either the azoxy product was formed, at least in part, by 
direct oxidation of the amine or the thermal history of the reaction permitted 
its formation from the intermediate nitroso compound [48]. 

(2) The oxidation of nonfluorinated aromatic amines with free peracids (not 
acyl peroxides) proceeded best with the basic amines. The reaction did not pass 
through the azo stage of oxidation since azo compounds could not be converted 
under the reaction conditions and hydrazo compounds were oxidized to azo 
compounds. Under the reaction conditions, p-toluidine was converted only 
into p-nitrotoluene [50]. 

(3) Metal ions in catalytic amounts exercise a profound influence on the 
course of the oxidation. In the absence of metal ions, the peracetic acid oxida- 
tion of 3-nitroaniline produces 3,3’-dinitroazoxybenzene. In the presence of 
traces of cupric ions and, to a lesser extent, in the presence of small quantities 
of iron, nickel, and rhodium salts, only 3,3’-dinitroazobenzene is formed. The 
oxidation of toluidines and aminophenols usually leads to tarry products 


[51]. 


In the light of the last set of observations, oxidations of amines to the azoxy 
stage should be carried out with the rigorous exclusion of metallic ions. Metal 
stirring rods must be avoided. In fact, since the aromatic amines may have 
been manufactured by a metal—acid reduction, a preliminary analysis for trace 
metals is indicated. 


3-8. Preparation of p-Azoxyanisole [50] 


Oo 
(01 f 
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A stirred mixture of 0.615 gm (5 mmoles) of p-anisidine (freshly recrystal- 
lized from carefully deionized water) in 50 ml of petroleum ether is cooled in an 
ice bath and maintained between 5°C and 7°C throughout the reaction. To the 
amine solution is added rapidly a solution of 1.08 gm (5 mmoles) of perlauric 
acid in 50 ml of petroleum ether, and stirring is continued until the reaction 
solution takes on a brownish color. 

The product solution is then extracted in turn with a 10% aqueous potassium 
hydroxide solution, a 5 N hydrochloric acid solution, and water. The organic 
layer is separated, dried with anhydrous magnesium sulfate, and filtered. 

On evaporation of the organic solution to dryness, approximately 0.39 gm 
of the crude oxidation product is isolated (62% yield). 
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By vapor-phase chromatography this residue was found to consist of 3% 
p-nitroanisole, 10% azoanisole, and 87% azoxyanisole. 

To separate the components of this reaction mixture, the crude product is 
dissolved in a minimum quantity of petroleum ether. The solution is then 
passed through a 2 x 20 cm chromatography column packed with aluminum 
oxide. The nitro and azo compounds are eluted from the column first with 
sufficient petroleum ether. The azoxy compound is eluted with petroleum ether 
containing 1 % of methanol. The eluting solvent is evaporated and the residual 
product is recrystallized from ethanol, m.p. 117°-118°C, nematic-liquid transi- 
tion point 134°C. 

Recently, p,p’-bis(perdeuterioalkoxy)azoxybenzenes were prepared by the 
hydrogen peroxide oxidation of the corresponding p-perdeuterioalkoxyani- 
line [52]. 


D. Oxidation of Hydroxylamines 


The oxidation of aromatic hydroxylamines with peracids in the presence of 
cupric ions produces nitroso compounds. In the rigorous absence of metallic 
ions azoxy compounds are formed [51]. On the other hand, the air oxidation 
is strongly accelerated by metals, the approximate order of activity based on 
a kinetic study being: cupric > ferric > manganous > nickel = chromic > 
cobaltous ions. Silver and stannous ions appear to have no effect [53]. 

In the example cited, lead acetate was used as a catalyst [27]. 


3-9, Preparation of Azoxycyclohexane [27] 


0) 
2{_)-NHOH mace (Aan) (32) 


Through a stirred solution of 25 gm (0.22 mole) of cyclohexylhydroxylamine, 
100 ml of methanol, and 2 gm of lead acetate maintained between 0°C and 10°C 
with an ice bath for 45 hr is bubbled a steady stream of air. During this period 
the evaporated solvent is replaced from time to time. 

On vacuum fractional distillation of the product mixture, 1 gm of cyclo- 
hexanone oxime and 19.5 gm (85%) of crude azoxycyclohexane are isolated. 
After two fractional distillations of the product fraction, the following physical 
properties are observed for azoxycyclohexane: b.p. 160°-161°C (14 mm Hg), 
m.p. 22°-23°C, n2° 1.497, d3° 1.007. 
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E. Oxidation of Indazole Oxides 


The assignment of the structures of unsymmetrical azoxy compounds was 
traditionally based on the results obtained from substitution reactions. This 
required assumptions about directing influences which were difficult to sub- 
stantiate. The technique of oxidizing indazole oxides followed by decarboxyla- 
tion represents an unequivocal synthetic procedure for the establishment of 
the position of the azoxy oxygen in the trans azoxy isomers. The reaction 
sequence used is given in Eq. (33) [54]. 


CHO NH, RL CH 
\ 1, NaHSO3 
=f x be 2. NaCN 
NO, ; 
C,H;OH R< 
“CeO OCHO) 


CO,H 


a CulCu(OAc), 
Op Oe» 
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In this reaction sequence, barring the remote possibility of rearrangements, 
the source of the oxygen on the azoxy bridge is the nitro group of the original 
nitroaldehyde. Further experimental work had shown that migration of the 
nitro group did not take place. Consequently, this procedure represents an 
unequivocal synthesis of azoxy compounds of known structure with the restric- 
tion that the geometric isomerism is not rigorously defined by this method, but 
is assumed to produce only the trans isomer. 

A more recent modification of the procedure considerably simplifies the 
reaction. In this procedure the condensation of a nitroaldehyde with an aniline 
derivative in acetic acid solution and in the presence of potassium cyanide 
formed the 3-cyano-2-phenylindazole 1-oxide directly. Although the reaction 
was used to prepare the two m-mononitroazoxybenzenes, presumably the re- 
action is of more general applicability [37]. 


< \n (01 


So 
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3-10. Preparation of m-Nitrophenyl-NNO-azoxybenzene [37] 
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CAUTION: Due precautions must be taken in handling potassium 
cyanide. Particularly in acid media, hydrogen cyanide may also evolve. 


(a) Preparation of 3-cyano-2-(m-nitrophenyl)indazole 1-oxide. In a hood, 
with suitable safety precautions, a solution of 5.0 gm (0.033 mole) of o- 
nitrobenzaldehyde and 4.6gm (0.033 mole) of m-nitroaniline in 300 ml of 
glacial acetic acid is prepared by moderate warming of the mixture. The 
reaction mixture is then cooled to 25°C and 4.0 gm (0.062 mole) of potassium 
cyanide is added. The mixture is allowed to stand for 12 hr. Water (200 ml) is 
added to the dark-brown solution, and the resulting solution is placed in a 
refrigerator for 24 hr. The yellow precipitate is collected on a filter, washed 
with cold water, and dried: yield 5.0 gm (54%), m.p. 205°-208°C. After three 
recrystallizations from ethanol the m.p. is raised to 211°-213°C. 


(b) Oxidation to m-nitrophenyl-NNO-azoxy-2-benzoic acid. A solution of 
2.0 gm (0.0071 mole) of crude 3-cyano-2-(m-nitrophenyl)-indazole 1-oxide 
(m.p. 205°-208°C) in 75 ml of glacial acetic acid is prepared by warming, if 
necessary. To this solution is added, in small portions, 1.5 gm of chromium 
trioxide. The solution is warmed gently until evidence of oxidation is noted. 
Then it is allowed to stand at room temperature for 3 hr. The reaction mixture 
is diluted with 225 ml of cold water and the product, which partially precipi- 
tates, is extracted with several portions of ether. The combined ether extracts 
are washed repeatedly with cold water. Then the product is separated by ex- 
traction with 5% aqueous sodium hydroxide solution, followed by acidification 
with a 15° solution of phosphoric acid. The yellow acidic product is collected 
on a filter and washed free from residual phosphoric acid with water: yield 
1.0 gm (47%), m.p. (recrystallized from benzene) 183°-184.5°C. 
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(c) Decarboxylation to m-nitrophenyl-NNO-azobenzene (‘‘3-nitroazoxy- 
benzene”). To a solution of 0.5 gm (0.0017 mole) of crude m-nitrophenyl- 
NNO-azoxy-2-benzoic acid in pyridine, a few crystals of copper acetate are 
added and the mixture is heated for 4.5 hr at reflux temperature. After cooling 
to room temperature, the product solution is diluted with 100 ml of ether and 
then washed, in turn, with four portions of a 10% hydrochloric acid solution 
until the aqueous layer is slightly acid, with one portion of water, and finally 
with four portions of a 5% aqueous solution of sodium hydroxide. The ether 
layer is separated and dried with anhydrous magnesium sulfate, filtered, and 
then freed from solvent by evaporation. The residue is recrystallized from 
ethanol: yield 0.21 gm (50%), m.p. 121.5°-122°C. 


The decarboxylation has also been carried out by substituting copper powder 
for copper acetate. 


F. Oxidative Hydrolysis of N-Substituted Urazole Derivatives 


In Chapter 14, on azo compounds, reference is made to the preparation of 
certain polycyclic azo compounds by the oxidative hydrolysis of addition 
products of bicycloalkadienes with 4-methyl-1,2,4-triazoline-3,5-dione (i.e., 
urazoles) in dimethyl sulfoxide with potassium tert-butoxide [55]. With more 
vigorous oxidizing conditions, such as heating with aqueous ethylene glycol 
with an excess of potassium hydroxide and 30% hydrogen peroxide in the 
case of N-phenylurazole derivatives, the corresponding cis-azoxy compounds 
are prepared in approximately 80% yield. (NOTE: The hydrolytic oxida- 
tion of N-methylurazoles is said to be exothermic when large amounts of 
material are processed, so caution is recommended [3, 56].) Equations (35) 
and (36) briefly outline the process. 
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m.p.n=1: 93°-95°C 
2: 156°-159°C 
3: 176°-177°C 
4: 133°-134°C 
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4, REDUCTION REACTIONS 


A. Reduction of Nitroso Compounds 


The bimolecular reduction of aliphatic nitroso compounds is complex and 
somewhat unreliable. With careful.control of reaction conditions, «-nitroso 
ketones (in dimeric form) may be reduced with stannous chloride in an acidic 
medium at room temperature to the azoxy compounds, while dimeric «-nitroso 
acid derivatives may be reduced at about 50°C [20, 57, 58]. Nitrosoalkanes, 
on the other hand, are decomposed at room temperature to alcohols and 
nitrogen, and are reduced to amines at 50°-60°C. It has been postulated that 
only the dimeric nitroso compounds can be reduced to azoxy compounds 
and, in fact, that the dimer has covalent nitrogen-nitrogen bond. Equations 
(37)-(40) summarize these data [20]. 
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(a-nitroso ketones)2 
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(nitrosoalkanes), Ss Nz + ROH (39) 
: above 50°C . SnCh/HCI 
(nitrosoalkanes)) = _ nitrosoalkanes ———~—~> 2RNH2 (40) 


The behavior of «-nitrosonitriles is similar to that of the «-nitroso esters. In 
fact, the resultant azoxynitriles could be converted into azoxy esters by con- 
ventional alcoholysis procedures. 

The preparation of ethyl «-azoxyisopropyl ketone is a typical example of 
the bimolecular reduction with stannous chloride [59]. 


4-1. Preparation of Ethyl a-Azoxyisopropyl Ketone [59] 


i fis 9 sie oO gis O 
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To a rapidly stirred solution of 10.8 gm (0.048 mole) of crystalline stannous 
chloride (SnCl, :2H,0) in 15.8 ml of concentrated hydrochloric acid, while the 
reaction temperature is maintained between 30°C and 36°C, 10 gm (0.039 mole 
on a bimolecular basis) of dimeric ethyl «-nitrosoisopropyl ketone is added 
over a 20 min period. The reaction mixture is then nearly neutralized by the 
cautious addition of sodium carbonate. 
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The liquid product is separated by extraction with ether. The ether solution 
is dried over anhydrous potassium carbonate. After filtration, the ether is 
removed by evaporation and the residue is distilled, a fraction being collected 
between 126°C and 126.5°C (6 mm Hg), n3° 1.4587, d?° 1.0151: yield 5.18 gm 
(55%). 

An interesting method of reducing nitroso compounds involves the use of 
triethyl phosphite as reducing agent [48, 60]. The generality of this procedure 
requires further exploration. 


4-2. Preparation of Decafluoroazoxybenzene by Triethyl Phosphite Reduction 
[48] 


a 
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A solution of 0.55 gm (2.8 mmoles) of pentafluoronitrosobenzene and | ml 
of triethyl phosphite in benzene is warmed for 30 min at 60°C. The reaction 
mixture is cooled to room temperature and extracted several times with water. 
The organic layer is then evaporated to dryness and the residue is crystallized 
from methanol: yield 0.42 gm (81%), m.p. 48°C. 


B. Reduction of Nitro Compounds 


The bimolecular reduction of aromatic nitro compounds, depending on 
reaction conditions, may proceed by way of azoxy and azo compounds to 1,2- 
diarylhydrazines (also referred to as hydrazo compounds). This may be 
illustrated by the schematic process in Eq. (43). Under strongly acidic 
conditions, the 1,2-diarylhydrazine may undergo rearrangement to produce 


benzidine. 
On - OLD — 


( Sr) as ( )-smt (43) 


The details of the mechanism for the conversion of nitrobenzene into azoxy- 
benzene need further amplification. It also should be pointed out that, in the 
preparation of azo compounds by bimolecular reduction, hydrazo compounds 
seem to form invariably since the directions invariably call for the reoxidation 
of the hydrazo product with air, cf, Meisenheimer and Witte [61]. 


ZO 
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As indicated in the preceding chapter, the reduction of aromatic nitro 
compounds with zinc and sodium hydroxide solution leads to the azo 
product [61, 62]. On the other hand, in an acetic acid-acetic anhydride 
medium, reduction with zinc produces a symmetrical azoxy compound [63]. 


4-3. Preparation of 0,0’-Dicyanoazoxybenzene [63] 


CN CN O CN 
NO, Zn N=N. 
2 (HOCOCH,) (44) 
(CH3CO)20 


To a vigorously stirred solution of 9.0 gm (0.062 mole) of o-nitrobenzo- 
nitrile in 75 ml of acetic acid and 10 ml of acetic anhydride, while maintaining 
the reaction temperature between 30°C and 35°C by adjusting the addition rate 
and warming or cooling as needed, is gradually added 12.0 gm (0.19 gm-atom) 
of zinc dust over a 14 hr period. Then the pasty reaction mixture is diluted with 
1 liter of ice water and the solid is separated by centrifugation. 

The solid product is next treated for 15 min with 300 ml of a 10% aqueous 
sodium carbonate solution at 40°C, filtered, washed with water, refiltered, and 
pressed dry. The solid is then dissolved in warm ethanol. The solution is treated 
with decolorizing carbon and filtered. On cooling, the product crystallizes out: 
yield 3.9 gm (53%), m.p. 192°-193°C. 


The reduction of aromatic nitro compounds to azoxy products with stan- 
nous chloride in a basic medium has also been reported; however, the final 
purification of the product appears to be tedious [61]. 

Among the metallic reducing systems [64, 65] which have been suggested 
are magnesium with anhydrous methanol [64] and an alloy of sodium and 
lead (sold as ‘Drynap’) [66, 67]. In the case of the magnesium methanol 
reduction, the product mixture usually contains azoxy-, azo-, hydrazo-, 
amino-, and hydroxylamine products, although approximately 75% of the 
product consists of a mixture of azoxy and azo compounds. The ‘Drynap’ 
reduction also seems to lead frequently to mixtures of azoxy and azo 
compounds. 

McKillop et al. [64] reported that refluxing a mixture of an aromatic nitro 
compound with thallium metal and ethanol for 15 to 12 hr gave 64-93% 
yields of the corresponding azoxy compounds. The procedure seems simple 
and should find widespread use in the laboratory. However, it has the 
important limitation that groups such as CHO, COR, COOH, COOR, CN, 
phenolic OH, and amino groups totally inhibit the reaction. Nevertheless, 
high yields of azoxy compounds are obtained from nitro aromatics with 
ether or alkyl substituents in any position. Fluoro- and chloro-substituted 
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aromatic nitro compounds afford fluoro- and chloroazoxy compounds. 
However, bromo- and iodo-substituted aromatic nitro compounds afford 
low yields of haloazoxy derivatives isolatable from complex reaction mix- 
tures (Eq. 45). 


o- 
2ArNO; + 6T1+ 6C2,H;0H ——> Ar—N=NAr + 6TIOC2H;+3H20 (45) 


A single pure product is obtained in this reaction, and thallium ethoxide is 
not effective in giving further reduction to the azo compound. However, heat- 
ing for periods in excess of 12 hr or those shown in Table I could lead to the 
formation of azo compounds. Polyhalonitro compounds and 2,4-dichloro- 
nitrobenzene give the corresponding azo compound in high yields on refluxing 
the ethanol solution for 12 hr. 

The reaction is generally carried out by refluxing a stirred mixture of 0.014 
mole of the nitro compound and 0.042 mole (8.5 gm) of thallium in 75 ml of 
ethanol for the periods shown in Table I. The cooled solution is decanted to 
remove unreacted thallium. Then 8 gm of potassium iodide is added and the 
mixture is stirred for 1 hr at room temperature. The precipitated thallium 
iodide is filtered off, and the filtrate is concentrated under reduced pressure. 
The residue is dissolved in chloroform and then filtered through an alumina 
column (4 x 1 in.) to remove traces of inorganic salts. Chloroform is used as 
the eluent. The resulting solution is concentrated under reduced pressure to 
afford the solid azoxy compounds. 

Alcoholic potassium hydroxide has been used to reduce iodonitrobenzene. 
While, from o-iodonitrobenzene only approximately a 1% yield of unsubsti- 
tuted azoxybenzene was isolated, the m- and p-isomers produced substantial 
quantities of m-iodo- and p-iodoazoxybenzene, respectively. In view of the 
well-known equilibrium KOH + C,H;OH = K* + OC,H;~ + H,0 and the 
fact that sodium alcoholates, particularly those of the higher alcohols, have 
also been used as reducing agents with isolation of oxidation products of the 
alcohol [68], it is reasonable to assume that either the free alcohol or the 
alcoholate ion acts as the reducing agent in these cases. 


4-4. Preparation of m,m'-Diiodoazoxybenzene [62] 
I I I 


(H] ? 
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NO: 2Hs N=N (46) 
To a stirred solution of 10 gm (0.040 mole) of m-iodonitrobenzene in 100 ml 


of ethanol is added 16 gm (0.30 mole) of potassium hydroxide. The mixture is 


TABLE {* 


CONVERSION OF SUBSTITUTED NITROBENZENES INTO AZOXY COMPOUNDS 


Time* Yield? 
Nitrobenzene derivative Azoxy compound Registry No. (hr) (%) M.p.* (°C) Lit. m.p. (°C) 
Nitrobenzene Azoxybenzene 495-48-7 6 76 34.5~-35.5 35° 
2-Nitrotoluene 2,2’-Dimethylazoxybenzene 956-31-0 6 73 57-58 60° 
3-Nitrotoluene 3,3’-Dimethylazoxybenzene 19618-06-5 6 77 33-35 38-394 
4-Nitrotoluene 4,4’-Dimethylazoxybenzene 955-98-6 5 77 66-68 68° 
4-Ethylnitrobenzene 4,4’-Diethylazoxybenzene 23595-86-0 84 80 B.p. 180-185 (0.7 mm) B.p. 244 (16 mm)¢* 
2,5-Dimethylnitrobenzene 2,2’,5,5’-Tetramethylazoxybenzene 1438 1-98-7 14 64 110-112 111.5-112.5% 
2-Nitrobipheny] 2,2’-Diphenylazoxybenzene 7334-10-3 44 84 158-160 160-1632 
2-Nitroanisole 2,2’-Dimethoxyazoxybenzene 13620-57-0 54 80 79-80 81-82° 
4-Nitroanisole 4,4’-Dimethoxyazoxybenzene 1562-94-3 54 76 116.5-118.5, 134.5-135.5 118.5, 135* 
4-n-Butyloxynitrobenzene 4,4’-Di-n-but yloxyazoxybenzene 17051-01-3 12 80 102-104, 136.5-137 107, 134! 
4-n-Hexyloxynitrobenzene 4,4’-Di-n-hexyloxyazoxybenzene 2587-42-0 7 71 80-81.5, 128.5 81, 127/ 
4-Fluoronitrobenzene 4,4’-Difluoroazoxybenzene 326-04-5 12 89 84-86 86-87° 
2-Chloronitrobenzene 2,2’-Dichloroazoxybenzene 13556-84-8 14 86 53.5-55 55~56° 
3-Chloronitrobenzene 3,3’-Dichloroazoxybenzene 139-24-2 44 84 95.5-97 96° 
4-Chloronitrobenzene 4,4’-Dichloroazoxybenzene 614-26-6 5 93 154-156 155~156° 


* In most cases about 5-10% of the thallium was not consumed during the reaction. Increasing the time of reaction had no significant effect on 


the yield, and resulted in minor amounts of decomposition. 
J. Amer. Chem. Soc. 78, 2160 (1956). 


J. Chem. 42, 836 (1964). 


*R.S. Porter and J. F. Johnson, J. Phys. Chem. 66, 1826 (1962). 


and R. Gabler, J. Prakt. Chem. 155, 332 (1940). 


® No attempt was made to optimize yields. 
* L. Zechmeister and P. Rom, Ann. Chem. 468, 117 (1929). 
* E. Bamberger, Chem. Ber. 59, 418 (1926). 


(1970). (Copyright 1970 by the American Chemical Society. Reprinted with permission of the copyright owner.) 
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* B. T. Newbold and D. Tong, Canad. 
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'C. Weygand and R. Gabler, Chem. Ber. 71B, 2399 (1938). 
* Reprinted from A. McKillop, R. A. Raphael, and E. C. Taylor, J. Org. Chem. 35, 1671 
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then heated to reflux for 1 hr. After this, the reaction mixture is subjected to 
steam distillation. The distillation residue is then extracted with boiling ben- 
zene. After cooling, the benzene layer is separated and evaporated to dryness. 
Yield 5.9 gm (60%), m.p. (after recrystallization from ethanol—benzene) 120°- 
121°C. 


When sodium methylate or ethylate was prepared by direct reaction of 
sodium with an excess of alcohols and the resulting mixture was used as a dis- 
persion in benzene to reduce aromatic nitro compounds, yields of azoxy 
compounds were quite low. With the higher alcohols, substantial production 
of azoxy compounds was observed. However, the reduction product mixture 
usually contained a 40% yield of amino compounds. In a few examples, where 
benzyl alcohol was used to prepare sodium benzylate, only azoxy products and 
no amino by-products were formed. The scope of this preparation requires 
further study. 

A detailed procedure for the reduction of nitrobenzene with sodium 
arsenate according to Eq. (47) has been published [69]. 


s(_\-no, + 3As;03+18NaOH ——> 
: 
2 (Vind \ + 6Na3;AsO,+9H,0 (47) 


The reduction of aromatic nitro compounds with glucose and other carbo- 
hydrates in an alkaline medium has been a much neglected reaction procedure 
(see, for example, Bigelow and Palmer [69, Note 7]). The reaction has much 
to recommend it: yields are usually high, the reaction is rapid, and the 
oxidation products derived from glucose are all water-soluble and readily 
separated from the product. The oxidation coproducts have not been 
completely identified. Among these products are acetic acid, lactic acid, and 
traces of oxalic acid; absent are formic, gluconic, glucuronic, saccharic, 5- 
ketogluconic, and tartaric acids [70]. 

It was found that between 70°C and 100°C the reaction temperature was not 
critical, that a reaction time of approximately 35 min was optimum, that the 
optimum concentration of sodium hydroxide was in the range 13-20%, that 
the optimum ratio of glucose to aromatic nitro compound was 14 moles to 
1 mole; that the concentration of the reaction solution could be varied over a 
wide range, and that a high rate of stirring as well as the presence of an 
emulsifying agent increased the yield [70]. Since the reaction conditions have 
a resemblance to certain redox-emulsion polymerization recipes, it is the 


446 15. Azoxy Compounds 


present authors’ opinion that the effect of low concentration of polyvalent 
ions (e.g, Fe?* or Cu*, appropriately chelated, if necessary) should be 
evaluated. As a matter of fact, a stainless steel stirrer may furnish enough ions 
to catalyze the reaction. 

The reduction to produce azoxy compounds appears to be successful for a 
wide range of aromatic nitro compounds. The following compounds, however, 
could not be reduced: 1-nitronaphthalene, m-dinitrobenzene, 3,5-dinitroben- 
zoic acid (although o-, m-, and p-nitrobenzoic acids were reduced smoothly), 
compounds containing an amino group 0-, or p- to a nitro group (except sodium 
3-nitro-6-aminobenzenesulfonate), nitroazo compounds, p-nitrosodimethyl- 
aniline, p-nitrophenylhydrazine, and 2,5-dinitrophenylhydrazine. In the light 
of more recent data, the reduction of p-nitrobenzoic acid is also doubtful 
[71]. Among the materials which could be reduced were m-nitrobenzene- 
sulfonic acid, 3-chloro-5-nitrobenzenesulfonic acid, and 3-nitro-6-amino- 
benzenesulfonic acid. These three compounds are mentioned here because 
they were isolated as the appropriate salts which were subjected to nitrogen 
analysis but were not characterized further. 


4-5. Preparation of 4,4’-Dichloro-2,2'-azoxytoluene [70] 


CH; 2 


CH; 
NO, 
ane 
_Blucose 
Cl 


A rapidly stirred (1000 rpm) mixture of 17.2 gm (0.1 mole) of 2-nitro- 
4-chlorotoluene, 0.5 ml of Tergitol-08 (a surfactant), and 100 ml of a 30% 
aqueous solution of sodium hydroxide is warmed to 60°C. External heating is 
discontinued and a solution of 27 gm (0.15 mole) of glucose in 150 ml of water 
is added at a rate to maintain the reaction at 60°C (approximately 30 min). The 
reaction mixture is then chilled in an ice bath, and the crude product is removed 
by filtration. 

After repeated washing with ice water, the crude product is air-dried and 
finally recrystallized from ethanol: yield 6.9 gm (71 %), m.p. 126°-127°C. 


It was found that certain substituents render nitrobenzene inert to reduction 
by potassium borohydride, whereas other substituents activate the reduction 
to azoxy compounds. The substituents which favored this reduction all had 
positive Hammett sigma constants (e.g., p-Cl, p-Br, p-I, p-COOH, m-Cl, m-Br, 
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m-I, m-CHO reduced to m-azoxybenzyl alcohol and m-OC,H,). Among the 
by-products of the reaction of a p-halogen compound, when carried out in 
ethanol solution, was p-nitrophenetole. The reduction of p-fluoronitrobenzene 
afforded only p-nitrophenetole [71]. 


4-6. Preparation of m-Azoxybenzyl Alcohol [71] 


NO, 


Oo 
CHO — 
HOCH, CH2,0H 


A rapidly stirred mixture of 10 gm (0.185 mole) of potassium borohydride 
and 250 ml of ethanol containing a small amount of potassium hydroxide is 
heated to the refiux temperature. Then a solution of 5.0 gm (0.033 mole) of 
m-nitrobenzaldehyde in a small amount of ethanol is added and heating is con- 
tinued for 24 hr. After this period, half of the solvent is removed by distillation 
under reduced pressure. The residue is cooled and added, with stirring, to a 
mixture of ice and concentrated hydrochloric acid. The crude product is col- 
lected on a filter, washed free of excess acid with water, and dried. The product 
is ultimately recrystallized. Yield 4.3 gm (71°), m.p. 82°-83°C. 

The reduction of many aromatic nitro compounds with trans-dihalobis- 
(pyridine)palladium (II) is a homogeneous process normally leading to the 
corresponding aromatic amine. However, in the case of p-chloronitroben- 
zene, bis( p-chlorophenyl)diazene-1-oxide is said to form [72]. 


5. ISOMERIZATION REACTIONS 


It is generally assumed that under ordinary laboratory conditions the trans 
isomers of the azoxy compounds are formed. Although the cis isomers are 
generally much higher-melting and are much more insoluble than the corre- 
sponding trans isomers, their stabilities at room temperature appear to be 
highly variable. Consequently, only a few cis compounds have been isolated. 

As indicated before, cis azo compounds may be oxidized to cis azoxy com- 
pounds, and certain hydrazones also may be oxidized to cis azoxy compounds 
(hence the old but incorrect designation “hydrazone oxides”) [17]. 

In the base-catalyzed condensation of nitroso compounds with hydroxyla- 
mines at low temperatures, if the starting materials are present in equimolar 
quantities, modest yields of cis isomers may be isolated [73]. The present 
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authors are not in a position to judge whether this procedure affords the cis 
isomers directly, or whether the normal trans isomer is formed initially and is 
subsequently converted into the cis form in the presence of the base. The 
latter sequence seems quite likely in view of other observations in which trans 
azoxy compounds were isomerized to the cis azoxy form in the presence of 
sodium methoxide [16, 17]. 


5-1. Preparation of cis-@-Azoxytoluene [73] 


O 
ans 
n-cu{ OeH N nN (50) 


To a solution of 1 gm of sodium methoxide in 9 ml of methanol maintained 
at 42°-43°C is added 1 gm of trans-w-azoxytoluene. After a short stirring 
period, a white precipitate begins to separate. The solid is collected on a filter 
and recrystallized from toluene-ethanol, m.p. 190°-192°C: yield not reported. 


6. MISCELLANEOUS PREPARATIONS 


(1) Condensation of aromatic nitro compounds with aromatic hydroxyla- 
mines [37] (Eq. 51). 


. NO2 
CX + ( \-xnon — mixed azoxy compounds (51) 
NO, 


(2) Hydrogenation of dimeric nitroso compounds with a palladium-on- 
barium sulfate catalyst [27] (Eq. 52). 


CH, CH, O H2 
H2 


Va 
Pd/BaSO, ae pee o (CH2)o (52) 
CH, 


(CH2)9 CH—NO 
is 


CH, H2 


(3) Reduction of a mixture of amines and nitroalkanes with sodium [20] 
(Eq. 53). 
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CH; as 
Ca te aot + ame gmc anc a a_, 


CH; NH; CH; NO; 
CH; g CH; 
A 
CH=CH Cty CHC NaNO dC (53) 
CH; CH; CH; CH; 


(4) Pyrolysis of nitroso compounds [48] (Eq. 54). 


F F F F F F 
se) 
2F NO —j> F N=N F (54) 
F F F F rf 


(5) Treatment of aromatic nitro compounds with potassium cyanide [63, 
74] (Eqs. 55, 56). 


Cl a 
2 2CN- 2 H 3KCN (55) 
CN 
NO, N 
7*\ 
Oo oO 
$ 
cl (2 N=N @- + 3KOCN 
CN NC 
6H20 
3KOCN ——> 3NH;+3KHCO; (56) 


(6) Preparation of N-substituted N’-fluorodiimide N-oxides [75, 75] 
(Eq. 57). 


O 
NF? a 
R—NO ——*—>»  R—N=NF (57) 


HNF;j in pyridine 
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(7) Reaction of nitroso compounds with chloramine T [76] (Eq. 58). 


R—NO + fcw-{_\-sona Nat ——> 


10) 


t 
rnanso-(\cn, (58) 


(8) Electrolytic reduction of nitro compounds [77, 78]. 
(9) Reduction of nitro compounds with yellow phosphorus [79] (Eq. 59). 


P (yellow) 


f azoxy compounds and amines (59) 
aq. alkali 


R—C,H4—NO,z 


(10) Reduction of nitro compounds with phosphine [80, 81]. 

(11) Reduction of N,N’-dioxides (bis nitrosyl deivatives or intramolecular 
nitro dimers) with hydrogen with a palladium-on-carbon catalyst [82] (Eq. 
60). 


oO O oO 
Nf t 
N= N= 

H2 
CH;C0O2.H 


(12) Preparation of polyesters derived, inter alia, from azoxybenzoic acid 


and azoxyphenols [83]. 
Tables II and III give the physical properties of a selected list of azoxy 
compounds. 


TABLE I 


PROPERTIES OF ALIPHATIC AND MIXED ALIPHATIC-AROMATIC 
Azoxy CoMPOUNDS 


B.p., °C M.p. 

Compound (mm Hg) CC nb Ref. 
Azoxymethane 98 _ 1.4300!17 40 
1-Azoxypropane 67 (20) — 1.436520 40 
2-Azoxypropane 38 (14) = — 40 
Azoxyisobutane 50 (20) — 1.42082° 16 
t-Butyl-ONN-azoxymethane 60-62 (110) — 1.426520 16 
2-(Methyl-NNO-azoxy)-propene 84-86 (150) — 1.466025 13 
2-(Methyl-ONN-azoxy)-isobutene 82-84 (90) _ 1.521525 13 
2-Azoxy-2,5-dimethylhexane 111 (5) — — 20 
Methyl! «-azoxyisopropy! ketone —_ 60-61 —_— 57 
Ethyl «-Azoxyisopropy! ketone 126-126.5 (6) 1.458720 59 


Isobuty! «-azoxyisopropy! ketone _ 30-31 — 59 
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TABLE II (continued) 


Compound 


2-Methyl-2-azoxypropionitrile 
2-Methyl-2-azoxypropionic acid 
Ethyl-2-methyl-2-azoxypropionate 
Azoxycyclohexane 


Azoxycyclododecane 
Methyl-NNO-azoxybenzene 
Ethyl-NNO-azoxybenzene 
Isopropyl-NNO-azoxybenzene 
n-Butyl-NNO-azoxybenzene 
Methyl-NNO-azoxy(p-chlorobenzene) 
Isopropyl-NNO-azoxy(p-chlorobenzene) 
Methyl-NNO-2-azoxy-2,5-dimethyl- 
hexane 
trans-w-Azoxytoluene 
cis-w-Azoxytoluene 
Phenyl-ONN-azoxymethane 
Benzyl-NNO-azoxybenzene 
w-Azoxy-p-chlorotoluene 
cis-(4-Chlorobenzyl)-NNO- 
azoxybenzene 
trans-(4-Chlorobenzyl)-NNO- 
azoxybenzene 
trans-(4-Chlorobenzyl)-ONN- 
azoxybenzene 
cis-(3-Bromo-4-chlorobenzyl)-NNO- 
azoxybenzene 
trans-(3-Bromo-4-chlorobenzyl)- 
NNO-azoxybenzene 
trans-(p-Chlorobenzyl)-ONN-azoxy- 
(p-bromobenzene) 
1-(Methyl-NNO-azoxy)cyclohexene 
cis-a-(Phenyl-ONN-azoxy)toluene 
cis-a-(Phenyl-ONN-azoxy)- 
p-nitrotoluene 
cis-a-(Phenyl-ONN-azoxy)- 
p-phenyltoluene 
cis-a-(Phenyl-ONN-azoxy)- 
p-methoxytoluene 
cis-a-(Methyl-ONN-azoxy)-toluene 
cis-(Methyl-ONN-azoxy)-p-toluene 
cis-(Methyl-O NN-azoxy)-p-nitrobenzene 
cis-(Methyl-ONN-azoxy)-p-bromo- 
benzene 


451 


B.p., °C 
(mm Hg) 


142-144 (12) 
160-161 (14) 
165-170 (21) 


184 (738.5) 


78 (3.5) 


132-135 (2) 


M.p. 
(°C) 


37 
128-129 
22-23 
27 
76-78 
6.5-8.5 


| 8 | 


42-43 
190-192 


186-190 
103 
180 

37 
63 


176 


1.440420 
1.49720 


1.55620 

1.543420 
1.529620 
1.528020 
1.543820 
1.433020 


1.504530 


TABLE III 


PROPERTIES OF AROMATIC AZOXY COMPOUNDS 


Compound M.p. (°C) Ref. 
cis-Azoxybenzene 87, 86 41, 73 
trans-Azoxybenzene 35, 36 22, 31 
cis-o-Azoxytoluene 79-81 73 
o-Azoxytoluene 60, 59 44, 73 
cis-m-Azoxytoluene 87, 88-89 41, 73 
trans-m-Azoxytoluene 37, 34-35.5 41, 73 
cis-p-Azoxytoluene 84, 83-85 41, 73 
trans-p-Azoxytoluene 74, 69.5-70, 70-71 41, 50, 73 
1,1’-Azoxynaphthalene 127, 122-123 39, 50 
2,2’-Azoxynaphthalene 166, 160-161, 158-160 39, 50, 61 
p,p’-Azoxybiphenyl 203-204 44 
cis-o-Azoxyanisole 116 73 
o-Azoxyanisole 81-82, 89-90 44, 67, 73 
m-Azoxyanisole 52 75 
p-Azoxyanisole 119,° 118° 43, 67 
m-Azoxyphenetole 49-50 71 
p-Azoxyphenetole 137° 43, 67 
p,p’-Dihexyloxyazoxybenzene 814 43 
P,p’-Dichloroazoxybenzene 158, 155-156, 154-155 22, 44, 50 
p-Chloropheny!-NON-azoxybenzene 62° 22 
p-Chlorophenyl-O NN-azoxybenzene 82 31 
p-Bromopheny!-O NN-azoxybenzene 95, 92-93 31, 54 
p-Tolyl-NNO-azoxybenzene 50 31 
p-Tolyl-NNO-azoxy(p-chlorobenzene) 109.5 31 
p-Tolyl-NNO-azoxy(p-bromobenzene) 125 31 
p-Chlorophenyl-NNO-azoxybenzene 68 31 
p-Chlorophenyl-NNO-azoxy(p-toluene) 107 31 
p-Chlorophenyl-NNO-azoxy(p-bromobenzene) 160 31 
p-Anisyl-NNO-azoxybenzene 72 31 
p-Anisyl-NNO-azoxy(p-chlorobenzene) 145 31 
1-Naphthyl-NNO-2-azoxynaphthalene 137 29 
1-Naphthyl-NNO-azoxybenzene 84 29 
2-Naphthy!-NNO-azoxybenzene 125 29 
2-Naphthyl-ONN-azoxybenzene 117 29 
Phenyl-ONN-azoxy-(4-dimethylaminobenzene 136-137 44 

oxide) 
P,p’-Dinitroazoxybenzene 192 44, 50 
P,p’-Difluoroazoxybenzene 86-87 44 
p,p’-Dibromoazoxybenzene 172 44 
P,p’-Diiodoazoxybenzene 198, 199-200 44, 62 
m,m’-Dinitroazoxybenzene 143 44, 57 
3,5,3’5’-Tetranitroazoxybenzene 185 44 
m,m’-Difluoroazoxybenzene 51.5 44 
m,m’-Dichloroazoxybenzene 96 44 
m,m’-Dibromoazoxybenzene 111, 109-110 44, 71 
m,m’-Diiodoazoxybenzene 120.5—121.5, 120-121, 44, 62, 71 
118-119 

0,0’-Dichloroazoxybenzene 55-56, 57 44, 73 
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TABLE III (continued) 


Compound 


0,0’-Dibromoazoxybenzene 
0,0’-Diiodoazoxybenzene 
(2-Bromophenyl)-NNO-azoxy(2-hydroxy- 
5-methylbenzene) 
(2-Methoxyphenyl)-NNO-azoxy(2-hydroxy- 
5-methylbenzene) 
(2-Methylphenyl)-NNO-azoxy(2-hydroxy- 
5-methylbenzene) 
(2-Nitrophenyl)-NNO-azoxy(2-hydroxy- 
5-methylbenzene) 
(2-Methoxyphenyl)-ONN-azoxy(2-hydroxy- 
5-methylbenzene) 
Octafluoro-4,4’-dimethoxyazoxybenzene 
4-H,4’-H-Octafluoroazoxybenzene 
P,p’-Dinitroazoxybenzene 
m-Nitrophenyl-NNO-azoxybenzene 
m-Nitrophenyl-ONN-azoxybenzene 
p-Bromophenyl-NNO-azoxybenzene 
p-Ethoxyphenyl-NNO-azoxybenzene 
p-Ethoxyphenyl-ONN-azoxybenzene 
Decafluoroazoxybenzene 
0,0’-Dicyanoazoxybenzene 
3,3’-Dichloro-2,2’-azoxytoluene 
D.p’-Azoxybenzoic acid 


m,m'-Azoxybenzoic acid 
0,0’-Azoxybenzoic acid 
2,3,2’,3’-Azoxyphthalic acid 
6,6’-Dibromo-3,3’-azoxybenzenesulfonic acid 
m,m’-Azoxyaniline 
m,m’-Diamino-p,p’-dimethylazoxybenzene 
m,m’-Diacetylazoxybenzene 
6,6’-Azoxyquinoline 
0,0’-Azoxyphenol 
m-Azoxybenzyl Alcohol 
cis-o,o’-Dichloroazoxybenzene 
4,4’-Dimethoxy-2,2’-dicarbamylazoxybenzene 
4,4’-Dimethoxyazoxybenzene-2,2’-dicarboxylic 
acid 


M.p. (°C) 


115 
148 
96 


117-117.5 
86-86.5 
102-103 
69 


130 

52 
190-191 
91-91.5 
121.5-122 
73-73.5 
73-74 
76-76.5 
48, 49-51 
192-193 
126-127 


240 dec.,% 350-355, 


114-115 
320 dec., 76-77 
248 dec., 79-84 
360 

360 

146-148 
155-155.5 
131-131.5 
260-262 
153-154 

82-83 

92-93 

230-234 
222-229 


453 


Ref. 
44 
44 
45 
45 
45 
45 


45 


48 
48 
51 
37 
37 
54 
54 
54 
48 
63 
70 
70, 71, 79 


70, 79 
70, 79 
70 
70 
70 
70 
70 
70 
70 
7h 
73 
74 
74 


eo CO Oo eee 


*Gore and Wheeler [44] report the melting point of p-azoxytoluene as 68°C, citing 
Bamberger and Renauld [21] as reporting 69°C. This is in agreement with Lefort et al. [50]. 


> Nematic-liquid transition: 135°C. 
*Nematic-liquid transition: 165°C. 
“Nematic-liquid transition: 128°C. 


*This material proved to be a 1:1 mixture of 4- and 4’-chloroazoxybenzene (Stevens [31]). 
/ The reported m.p. of 240°C dec. is that of p-nitrobenzoic acid. By two independent syntheses, 
Shine and Mallory [71] obtained a product of m.p. 350°-355°C dec. 
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2. 
3 
4 
5. 
6. 
7 
8 
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CHAPTER 16 / C-NITROSO COMPOUNDS 


1. INTRODUCTION 


Substances in which a nitroso group is directly attached to a carbon atom are 
termed C-nitroso compounds in this chapter. The basic procedures for the 
preparation of aromatic nitroso compounds were developed during the last 
quarter of the nineteenth century and the first few years of the present century. 
Since that time, with a few notable exceptions, only minor improvements on 
these procedures have been developed. We may assume that the lack of variety 
in synthetic procedures has gone hand in hand with a lack of interest in the 
application of this class of compounds. 

The situation with regard to aliphatic nitroso compounds was confused by 
the observation that oximes were frequently isolated from nitrosation reac- 
ions. In fact, many oximes were called “isonitroso” compounds. Without 
adequate experimental evidence, it had generally been believed that only 
tertiary aliphatic nitroso compounds (which obviously would not rearrange 
to oximes) had reasonable stability. More recent work has shown that a wide 
variety of aliphatic nitroso compounds can be produced and that they exhibit 
adequate stability. It was also discovered that many nitroso compounds are 
dimeric in nature under ordinary conditions. 

The equilibrium between the monomeric and dimeric nitroso compounds 
may be represented as in Eq. (1). Early evidence for the existence of such an 


oe 
2R—-NO = R-N=N—R () 
fe) 


equilibrium was obtained from cryoscopic measurements of molecular weights 
in benzene and in naphthalene. Additional indications are the color changes 
which are frequently observed. Aliphatic monomeric nitroso compounds are 
usually blue in crystalline form, in solution, and often even in the vapor phase. 
Aromatic monomeric nitroso compounds are usually green or blue-green. The 
dimers are white or cream-colored. 

Many para- and meta-substituted nitrosobenzenes are monomeric. On the 
other hand, ortho-substituted nitrosobenzenes (i.e., compounds with a sub- 
stituent greater than H in the ortho-position) are dimeric. 
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In this chapter an attempt is made to indicate whether the products discussed 
are monomers or dimers; however, since the literature is not always clear on 
this point, an element of uncertainty persists. 

A number of reviews, papers, and one book of theoretical and synthetic 
interest have appeared in recent years on various aspects of nitroso chemistry. 
The work of Turney and Wright [1], Touster [2], Gowenlock and Liittke [3], 
Hamer et al. [4], Ogata [5], Dietrich and Crowfoot Hodgkin [6], Ridd [7], 
Griffis and Henry [8], Theilacker [9], Cook [10], Boyer [11], Feuer [12a], 
Patai [12b], Hoffman and Woodward [13], and Gilchrist [14] represents 
a selection of pertinent material. The reader is directed particularly to 
Gowenlock and Liittke [3]. 

One of the best-known methods for the preparation of aromatic nitroso 
compounds is the Fischer-Hepp rearrangement of N-nitrosoamines (Eq. 2).In 
effect, this reaction is the C-nitrosation of secondary aromatic amines. 


Ar—NHR-HCl+ HNO, ——~> aia + H2,0 + HCl 


ia - @) 
ae a — > p-NO—Ar—NHR 
NO 
Fischer-Hepp rearrangement 


Tertiary aromatic amines may be nitrosated directly with nitrous acid, 
whereas primary aromatic amines normally are diazotized under these condi- 
tions. Some phenols may also be nitrosated under conditions similar to those 
used for the nitrosation of tertiary amines. 

Typical nitrosating agents are sodium nitrite with mineral acids or pentyl 
nitrite with mineral acids. A relatively new reagent, nitrosylsulfuric acid, has 
been used to nitrosate primary aromatic amines. On the other hand, 
trifluoroacetic acid and sodium nitrite could not be used as a nitrosating 
system. With benzene or toluene only 2 to 3 % of the corresponding nitro (not 
nitroso) compounds were isolated [15]. 

Treatment of aliphatic active methylene compounds with nitrosating 
reagents normally leads to oxime formation. An exception is the nitrosation 
of compounds with active tertiary carbon atoms such as ethyl isopropyl 
ketone. These are convertible into C-nitroso compounds. 

Some aromatic hydroxycarboxylic acids, on treatment with sodium nitrite, 
lose carbon dioxide with the introduction of a nitroso group to replace the 
carboxylate group. 

Certain olefins have been converted into 1-chloro-2-nitrosoalkane dimers 
on treatment with nitrosyl chloride (Eq. 3). Terminal olefins appear to be active 
only if they are not allylic in nature. The addition of nitrosyl chloride to 
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norbornene is of particular interest, and details are presented below. Nitrosyl 
formate also adds to certain olefins in a manner resembling the addition of 
nitrosyl chloride (Eq. 3). 


3 OC} _2nocl_, oa (3) 
Cl Cl 


A variety of oxidative procedures exist for the preparation of both aromatic 
and aliphatic nitroso compounds. 

Primary aromatic amines may be oxidized with Caro’s acid or a variety of 
peracids (Eq. 4). 

ArNH, —21, ArNO+H,O (4) 

Aliphatic amines have also been oxidized with peracids. 

A method of preparation of wide applicability is the oxidation of hydroxyl- 
amines with such diverse reagents as bromine water, hypobromide ions, di- 
chromate ions, lead tetraacetate, peracids, and ferric chloride (Eq. 5). 

[0] 
2RNHOH ———> (R—NO), (5) 

Particularly for the preparation of aliphatic nitroso compounds, the oxida- 
tion of oxaziranes and imines with peracetic acid (Eqs. 6) probably represents 
the most original and most widely applicable method of preparation. 


(C,Hs)2CO +RNH, ———> RN=C(C2Hs)2 
O 


/\ 
CHCOH “RNC; 


RN=C(C;Hs)2 
a 58 (6) 
R—N—C(C,H;), CECH, [RNO] 
2[RNO] ————> (RNO), 


An interesting reaction, the Baudisch reaction, involves the formation of 
nitrosophenols by the action of hydroxylamine hydrochloride and hydrogen 
peroxide, in the presence of metallic ions or certain Werner complexes, on 
aromatic compounds. The products are primarily o-nitrosophenol complexes 
of the metallic ion. Unfortunately, this reaction requires further development 
before it can be considered a reliable preparative procedure. 

The field of reductive preparations for the formation of nitroso compounds 
has not yet been adequately explored. For example, only indirect evidence 
exists that the electrolytic reduction of t-nitroalkanes to tertiary alkyl- 
hydroxylamines proceeds by way of nitroso compounds. 
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In this chapter a number of other preparative procedures are also given. 
They either are not of general applicability or have not yet been developed fully. 


a. NOMENCLATURE 


The naming of monomeric nitroso compounds is generally quite straight- 
forward. In this discussion a dimer is simply indicated as “nitrosoalkane 
dimer” or as “‘nitrosoarene dimer”’ if reasonable evidence for the isolation of 
the dimer is at hand. In the works of Miiller and Metzger [16] terms such as 
“pbis(nitrosoalkane)” are used to indicate the dimers. 

In another system, the trans isomer of dimeric 1-chloro-2-nitrosocyclohex- 
ane would be called “trans-2,2'-dichloro-trans-azodioxycyclohexane” [17]. 
In line with a system used in naming azoxy compounds, the dimers may also 
be called diimide dioxides. 

The structures of nitroso dimers are generally regarded as resonance 
hybrids of structures such as (1), (ID), and (IID). 


eo Oo oe 
- ae 4 / 
R—N=N—R, R—N=N—R, R—N—N-R, etc. 
r4 ® / c) 
re) oe 
(I) (ID (III) 


Two classes of compounds related to the dimers of nitroso compounds are 
the furoxanes (IV) and the pseudo-nitroso compounds (V). These compounds 


O ® 
N’ NO 
\ 
p 8 
N NO 
(IV) Furoxane (V) Pseudonitroso compound 


are isomers of the normal o-dinitrosobenzene (VI) [19]. 


NO 
NO 
(VI) 0-Dinitrosobenzene 


b. NOTE ON SAFETY CONSIDERATIONS 


Many nitroso compounds are reported to melt with decomposition. For 
example, p-nitrosophenol is unstable and may ignite at elevated temperatures 
[20]. Some nitroso compounds are reported to have disagreeable odors, 
some are lachrymators, and some nitrosophenols may cause rashes [20]. 
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Whereas the N-nitroso compounds are quite definitely considered carcino- 
genic, no such general statement can yet be made about the C-nitroso class. 
Yet all nitroso compounds must be handled with considerable care because 
of their potential toxicity. For example, one report indicates that 2-nitroso- 
naphthalene may be an active urinary carcinogen [21]. 


2. CONDENSATION REACTIONS 


A. Nitrosation of Aromatic Amines 


Although many nitrosation reactions are represented as reactions involving 
free nitrous acid, the actual existence of the free acid has only been established 
in dilute solutions [21]. The acid is a weak one (k = 4.5 x 107%), about 
halfway in acid strength between acetic acid and chloroacetic acid. The 
liberation of “free” nitrous acid from sodium nitrite in acetic acid, a well- 
known nitrosation system, is therefore questionable. Since, however, our 
purpose is to present synthetic procedures rather than the intimate and 
transitory details of reaction mechanisms, we frequently follow the literature 
practice of indicating the course of the reaction as if nitrous acid were indeed 
involved. 

The treatment of aromatic amines with a nitrosation mixture has been 
known for nearly a century and has been summarized as follows. 


Treatment of Primary Aromatic Amines with Nitrous Acids. 
ArNH,+HNO, -#%+ [ArN]* X-+H,0 (7) 


Treatment of Secondary Aromatic Amines with Nitrous Acids. 


ArNHR:HCIl+HNO, ——> Sane + H,0 + HCI (8) 
R 
Followed by the Fischer-Hepp rearrangement (Eq. 9). 
ANNO HG p-NO—Ar—NHR (9) 
R 


Treatment of Tertiary Aromatic Amines with Nitrous Acids. 


Ar—NR’R’” + HNO, ——> p-NO—Ar—NR’R’ + HO (10) 


In the aliphatic series, primary amines are deaminated by nitrous acid, 
secondary aliphatic amines are N-nitrosated, while tertiary aliphatic amines 
form salts in the acidic medium followed by secondary reactions such as de- 
alkylation [23, 24]. 
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Although Eqs. (7)-(10) may be valid for a wide range of aromatic amines 
treated in the usual manner in a mineral acid medium with sodium nitrite, 
direct nuclear nitrosation of certain primary and secondary aromatic amines 
was found possible when nitrosylsulfuric acid in concentrated sulfuric acid was 
used as the nitrosation agent [25]. 

The primary aromatic amines which will be preferentially nitrosated rather 
than diazotized are those which do not bear strongly electron-withdrawing 
substituents and are capable of coupling with diazonium salts to give azo dyes. 

Typical primary amines which undergo such nitrosation are: m-toluidine, 
p-xylidine, m-anisidine, 2-amino-4-methoxytoluene, 3-amino-4-methoxy- 
toluene, m-aminophenol, «-naphthylamine, 1-naphthylamine-2-, -6-, -7-, and 
-8-monosulfonic acids, and 1-naphthylamine-4-monosulfonic acid (which 
reacts with displacement of the sulfonic acid group). The secondary amines 
derived from these primary amines also can be nitrosated directly (i.e., without 
the intermediate formation of an N-nitroso compound which needs to be sub- 
jected to the Fischer-Hepp rearrangement). The entering nitroso group appears 
to substitute exclusively in the para position. 

The preparation of l-amino-4-nitrosonaphthalene is given here by way of an 
illustration of the technique used in this reaction. !-Aminonaphthalene has 
been withdrawn from the market because of its suspected tumor-producing 
characteristics and therefore this example is not to be considered an illustration 
of a safe reaction. It hardly needs to be emphasized that, quite generally, due 
precautions must be taken when working with the indicated concentrated sul- 
furic acid system. In carrying out this reaction, a large excess of nitrosation 
reagent must be avoided to reduce the possibility of diazotization of the pri- 
mary amine. 

Under similar conditions, secondary aromatic amines, such as N-ethyl-1- 
naphthylamine, may also be nitrosated directly. 


2-1. Preparation of 1-Amino-4-nitrosonaphthalene [25] 


NH, . H.SO, NHa- H.SO,4 
oe " ee me ae ‘ s 
NH2: H,SO, 
+NaHCO,; -——> + NaHSO, + H,0 + CO, 


(12) 
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With due precautions for handling concentrated sulfuric acid and a 
carcinogenic amine, in a five-necked flask fitted with a sealed stirrer, a 
thermometer, a gas inlet tube, a calcium chloride drying tube, and an 
addition port is placed 200 ml of concentrated sulfuric acid. The acid is 
stirred rapidly in an ice bath while 17.5 gm (0.25 mole) of dried, finely ground 
sodium nitrite is added at such a rate that the internal temperature never 
exceeds 10°C. After the addition has been completed, the flask content is 
warmed slowly to 60°C and stirred at this temperature until a clear solution 
has been obtained. Then it is rapidly cooled again with an ice bath and 
maintained between 0° and 5°C while carbon dioxide is passed into the flask, 
and 50 gm (approximately 0.2 mole) of dry, powdered «-naphthylamine 
sulfate (CAUTION: said to be tumor-producing) is added through the 
addition port (care must be taken to prevent sulfuric acid from splashing out 
of the opening and to prevent the powdered amine salt from being blown out 
of the apparatus by the carbon dioxide pressure). The addition port is then 
closed off and stirring is continued until a test in a Lunge nitrometer no 
longer shows the presence of nitrous acid. 

With vigorous stirring, | liter of cold water is cautiously added to the reaction 
flask. The resultant solid is filtered off, washed in turn with cold water, alcohol, 
and then with ether. The yield (after drying at a modest temperature) is 51 gm 
(91%) of the sulfate of the product. 

The free base is prepared by grinding the product with 25 gm of sodium 
bicarbonate with a small amount of water until a brown paste forms. This 
mixture is repeatedly extracted with ether. The ether extract is evaporated 
under reduced pressure. The crude base, which remains behind, is recrystallized 
from carbon tetrachloride, m.p. 144°-145°C dec. This product is presumed 
not to be quite pure because of the possibility of a-naphthaquinonimide oxime 
formation. 


The nitrosation of secondary aromatic amines by more conventional pro- 
cedures first affords the N-nitroso derivatives. On treatment with acids, par- 
ticularly with hydrochloric acid, these derivatives undergo the Fischer-Hepp 
rearrangement to the aromatic p-nitroso secondary amines [26-30] (see Eqs. 
8, 9). The mechanism of this rearrangement was assumed to be an intermo- 
lecular reaction involving either nitrosyl chloride (NOCI) or NO- OH? ion. 
However, when nitrosation was carried out in the presence of Na'*NO,, it 
was found that the N-nitroso group does not become detached from the ring 
either as NOCI or as an ionic species such as NO-OH; [31]. This 
experiment suggests that an intramolecular mechanism, or possibly a trans 
nitrosation of one molecule by another, prevails. An earlier investigation [32] 
reported that N-nitroso-N-octadecylaniline did not undergo the Fischer- 
Hepp rearrangement but was denitrosated. In fact, even N-nitroso-N- 
hexylaniline afforded only a poor yield of p-nitro-N-hexylaniline. This was 
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believed to show that long alkyl chains blocked the available open positions 
on the ring and thus interfered with the migration of the free reactive species. 
This steric argument may also apply, it seems to us, to the intramolecular 
hypothesis. Here the long alkyl chain may serve to screen the N-nitroso 
group from whatever reagent may be necessary to bring about the reaction. 
As a matter of fact, the argument that the accepting positions are blocked is 
weakened by experiments of the same author in which he demonstrated that 
tertiary aromatic amines with one long N-alky] substituent similar to the one 
used in the secondary aromatic amine can can be directly nitrosated in the 
para position in the normal manner. 

Within the limitations on chain length indicated above, the nature of the 
N-alkyl group which may be present on the secondary nitrogen in a Fischer- 
Hepp rearrangement may be varied widely. For example, 3-anilinopropio- 
nitrile and B-anilinopropionic acid and its ethyl ester have been subjected to the 
reaction. While the esters undergo alcoholysis or trans esterification under 
the reaction conditions, the nitriles are not hydrolyzed [33]. Substitution in 
the meta position of the aromatic ring evidently does not interfere with the 
rearrangement. 

On the other hand, N-aryl-N-nitrosoaminonitriles undergo interesting 
secondary reactions. Under acidic conditions, sydnone imine salts form 
(Eq. 13); under basic conditions, a rearrangement to an isomeric oxime takes 
place, which, on treatment with phosgene in pyridine leads to 4-substituted- 
3-cyano-1,2,4-oxadiazolinones (Eq. 14) [34]. 


Ar—N—CH,CN —“%> Ar—N——CH x= (13) 
NO N ® C—NH, 
\NoZ 
Ar—N—CH,CN 20™, 
NO 
COCI2/C. 
Ar—NH—C—CN CEH. ap N——C-CN (14) 
i KOH/CH3;0H | l 
N Cc oN 
HOW na \o% 


2-2. Preparation of N-Methyl-m-chloro-p-nitrosoaniline [34] 
NH—CH;-HCl HNO, NCH; -HCI 


NO (15) 


cl Cl 
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N—CH, ‘HCI ee NH—CH;-HCl 
NO ——__—_> (16) 


ON | 
a cl 
NHCH; 
NH—CH;-HCI 
zLLEM + NH,Cl (17) 
ON cl 
rer NO 


To 100 gm ofa stirred 40 % solution of hydrogen chloride in methanol main- 
tained at 0°C with an ice bath is added, 14.2 gm (0.1 mole) of N-methyl- 
m-chloroaniline over a 30 min period at such a rate that the temperature never 
exceeds 15°C. The reaction system is then cooled to 5°C, and 8 gm (0.11 mole) 
of 97% sodium nitrite is added all at once. Stirring is continued for 4 hr while 
the temperature is allowed to rise to 30°C. The reaction mixture is then 
filtered and the solid hydrochloride salt is washed well with 50 ml of ether. 
This is followed by air-drying. 

The hydrochloride salt is stirred with 200 gm of ice water, and concentrated 
aqueous ammonia is added dropwise while maintaining a temperature be- 
tween 0° and 20°C, until the pH of the aqueous phase reaches 8. The mixture is 
stirred for an additional hour at 10°-20°C. The solid product is filtered off, 
washed with 100 ml of cold water, and air-dried at 25°-30°C: yield 14.5 gm 
(85%), m.p. 128°-130°C dec. In an attempt to recrystallize a sample of this 
product, it decomposed. 

As indicated above, tertiary aromatic amines are directly C-nitrosated. The 
usual reagents are sodium nitrite and dilute hydrochloric acid, sodium nitrite 
and glacial acetic acid containing concentrate hydrochloric acid, and nitrite 
esters with hydrochloric acid [23, 35]. While tertiary amines with such 
complex alkyl groups as found in N,N-di(3,5,5-trimethylhexyl)aniline are 
readily nitrosated [32], of the four N-butyl-N-methylaniline isomers, N-t- 
butyl-N-methylaniline does not undergo the reaction, and even the nitroso 
compounds which did form were only unstable oils [35]. 

In reactions of N,N-dimethylaniline, care must be taken in the final 
isolation of the free p-nitrosoamine from its salt, since prolonged treatment 
with excessive alkali leads to the formation of p-nitrosophenol [23]. By the 
way, the initial proof that the product of nitrosation is the para isomer was 
simply based on the observation that, after prolonged acid hydrolysis of p- 
nitrosophenol, a product formed which had an odor that resembled that of 
1,4-benzoquinone. It is to be hoped that more substantial structure proofs are 
used today. 
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By nitrosation of m-dialkylaminophenols with hydrochloric acid and 
sodium nitrite at 0°-S°C, good yields of S-dialkylamino-2-nitrosophenols 
have been prepared [24]. 

Whereas many tertiary aromatic amines are nitrosated quite simply at low 
temperatures with sodium nitrite and hydrochloric acid, with no particular 
care being taken as to preparative details, some amines have to be nitrosated 
under conditions which are quite critical. Often the final workup of the 
product must be rapid. The example of the following preparation emphasizes 
some of the necessary details. 


2-3. Preparation of N-Methyl-N-(3,5,5-trimethylhexyl)-p-nitrosoaniline [32] 


CH; 
| HNO2 
N—CH:CH2—CH—CH;—C—CH HCI “, 
CH; CH; CH; 
ie 
on{_\-crncii—cu—cH cH ‘HC! (18) 
cu, CH; CH3 
. 
on(_\-r-cincri ccc eneOs 5. 
CH; CH; CH; 
CH; 
on{ \-y-cricH.—cr—cH—¢—cn, +4KC1+CO,+4H,0 (19) 
CH; CH; CH; 


To a stirred mixture of 8.7 gm (0.037 mole) of N-methyl-N-(3,5,5-trimethyl- 
hexyl)aniline in 10 ml of concentrated hydrochloric acid, 10 ml of water, and 
20 ml of glacial acetic acid maintained at 0°C + 2°C is added, under the liquid 
surface, over a 20 min period, a solution of 3.5 gm (0.5 mole) of sodium nitrite 
in 10 ml of water. After the addition at 0°C + 2°C has been completed, stirring 
is continued for another 20 min. The dark-red solution is then made slightly 
alkaline by adding powdered potassium carbonate. The green viscous oil which 
separates is immediately taken up in ether. The ether solution is quickly washed 
with cold water, dried with anhydrous sodium sulfate, filtered, and 
evaporated. The residue, on strong cooling and scratching, finally crystallizes 
to yield 7.5 gm (77%), m.p. 41°-44°C. After several recrystallizations from 
petroleum ether (b.p. 40°-60°C), green crystals are obtained, m.p. 48°C. 
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Tertiary aromatic amines have also been nitrosated with pentyl nitrite in 
hydrochloric acid [23]. 
Table I gives the melting points of several p-nitrosoanilines. 


B. Nitrosation of Phenols 


The nitrosation of phenols proceeds in a manner similar to that of tertiary 
amines. For example, 1-nitroso-2-naphthol has been prepared from the 
sodium salt of B-naphthol by treatment with sodium nitrite and sulfuric acid 
near 0°C [37]. This general procedure, suitably modified, has been used to 
prepare other nitrosophenols such as p-nitrosophenol (m.p. 135°-136°C) 


[38]. 


~ 


TEM IDTLLLALTLTILLrrirt 


3,5,5-trimethylhexyl 


TABLE I* 


PROPERTIES OF p-NITROSOANILINES 


n-Propyl 

Isopropyl 

Tsobutyl 

n-Hexyl 
3,5,5-Trimethylhexyl 
Phenyl 
2-Methy!pheny! 
3-Methylphenyl 
4-Methylpheny! 
2-Methoxyphenyl! 
4-Ethoxyphenyl! 
4-Chlorophenyl! 
4-Aminopheny! 
4-Dimethylaminopheny] 
4-Carboxypheny! 
4-Nitropheny! 
4-Nitrilophenyl 
Methyl 
3,5,5-Trimethylhexyl 
3,5,5-Trimethylthexyl 
Methyl 

Hexyl 
3,5,5-Trimethylhexyl! 


4 
\ 


R 
R’ 


M.p. (°C dec.) 


59 

82.5, 86, 84-85 
93-94 

47-48 

93-94 

98 dec., 144-145 
148 

124 

172-173 
164-166 
158-160 
157-160 

168 


Green oil at room temp. 
33.5-34 

Viscous oil at room temp. 
48-48.5 


Ref. 


27, 36 


* Properties of miscellaneous aromatic nitroso compounds are given in Table IV. 
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A variation of this procedure is the nitrosation of a phenol such as thymol 
in an alcohol solution with hydrochloric acid and sodium nitrite. This 
procedure is said to avoid the evolution of oxides of nitrogen, since it may 
involve the intermediate formation of ethyl nitrite as the nitrosating agent 
[39]. However, from the safety standpoint, both the oxides of nitrogen and 
nitrite esters must be considered hazardous. 

At low acid concentrations, nitric oxide tends to form. This evidently may 
attack nitrosophenol to form diazonium compounds directly. The diazonium 
salts, in turn, may couple with unreacted phenol to give colored products. 
Nitrous acid may also produce nitrophenols from phenols. The mechanism 
of this reaction may involve oxidation of initially formed nitrosophenols, 
homolytic attack by nitrogen dioxide, or nucleophilic attack by nitrite ions [1]. 

Particularly in the older literature, the structure of the nitrosophenols was 
not clearly established. Thus, for example, the dinitroso derivative of resorcinol 
is presumed to be the tautomeric dioxime shown in Eq. (20) [44]. 


NO oO 
NO 
aaa NOH 
Crs = e- a 
NO NOH 


Furthermore, the possibility of the existence of dimeric nitroso compounds 
was not recognized until relatively recently. The characteristic light absorption 
attributed to the nitroso group is at about 700-750 my. The possibility of 
dimerization or oxime formation or both reduces the molar extinction to a 
small value [38]. 

The structures assigned to some of the nitroso phenols may require re- 
examination by more modern techniques. 


C. Nitrosation of Active Methylene Compounds 


The nitrosation of aliphatic carbon atoms, particularly of carbon atoms 
activated by adjacent carbonyl, carboxyl, nitrile, or nitro groups, has been 
reviewed in great detail [2]. Judging from this review, with few exceptions, 
nitrosation of active methylene compounds leads to the formation of oximes 
(unfortunately termed “‘isonitroso” compounds in the older literature). The 
few exceptional cases cited in which true nitroso compounds (or their dimers) 
were formed involved tertiary carbon atoms in which no hydrogen atoms were 
available to permit tautomerism to the oxime or involved a reaction which was 
carried out under neither acidic nor basic conditions. 

Nitrosomethane, nitroscyclohexane, and nitrosodibenzoylmethane have 
been prepared and appear to exist as reasonably stable dimers. 
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A kinetic study has indicated that under acidic conditions a-ketonitroso- 
alkanes may rearrange rapidly to the oxime [41]. Amines also bring about 
the isomerization of nitrosocyclohexane [42]. These observations along with 
the older observations mentioned in Touster’s review [2] imply that the 
whole question of the nitrosation of aliphatic carbon atoms should be 
reexamined with modern analytical techniques to establish the reaction 
conditions under which the true aliphatic nitroso compounds (or their 
dimers) can be isolated. 

In the nitrosation of ethyl isopropyl ketone (Preparation 2-4), acetyl 
chloride is used as a catalyst. While aqueous hydrochloric acid has also been 
used to catalyze this reaction, anhydrous hydrogen chloride or acetyl 
chloride evidently is more effective as far as the yield is concerned. To be 
noted here is that the greater yield is that of the true nitroso compound. The 
secondary carbon atom of the ethyl group is converted into an oxime on 
nitrosation. 


2-4. Preparation of 2-Methyl-2-nitroso-3-pentanone Dimer and 2-Methyl-4- 
oximino-3-pentanone [43] 


t 

C:H;ONO 
PHOTO GHC co = 
CH; 


O NO oO 


t | 
CHsCHiC—C—CH; and Hye C=C CHs (21) 
CH; }2 NOH CH; 


In an apparatus suitably protected against atmospheric moisture and fitted 
with a gas-inlet tube, mechanical stirrer, and an efficient reflux condenser, to a 
solution of 45 gm (0.45 mole) of ethyl isopropyl ketone and 5 gm of freshly 
distilled acetyl chloride is added, through the gas-inlet tube, 18 gm (0.24 mole) 
of ethyl nitrite at 45°-55°C over a 24 hr period. The reaction mixture is stored 
overnight in a refrigerator, whereupon 15.2 gm (48.7% based on ethyl nitrite 
used) of 2-methyl-2-nitroso-3-pentanone dimer (bimolecular ethyl «-nitroso- 
isopropyl ketone) deposits. The product is isolated by filtration, m.p. 122°- 
123°C. 

The mother liquor is cooled in an ice bath and shaken with 40 ml of a cold 
10% aqueous solution of sodium hydroxide. Thereupon 9 gm of a nonaqueous 
upper layer is separated and discarded. The aqueous layer is extracted with 
ether and the ether extract is discarded. The aqueous layer is then cooled in an 
ice bath and acidified to a pH of 7 with dilute sulfuric acid. The precipitate 
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which forms is filtered and washed with water. This precipitate represents 
5.7 gm (18% based on ethyl nitrite used) of 2-methyl-4-oximino-3-pentanone, 
m.p. 92°-93°C. 


D. Free Radical Nitrosation 


Much of the pioneering research on nitrosoalkane dimers is based on reac- 
tions involving the formation of free radicals. Most of the reactions are of 
little value from the preparative standpoint, either because a highly specialized 
apparatus (e.g., photolysis equipment, high-vacuum trains, even a Van de 
Graaff generator) is used or because complex mixtures of products are pro- 
duced. However, this work is of such importance in the historical develop- 
ment of aliphatic nitroso chemistry that it merits a brief review here rather than 
relegation to Section 5. 

The first preparation of nitrosomethane dimer (m.p. 122°-122.2°C corr.) 
was carried out by the photolytic decomposition of t-butyl nitrite at 25°C and 
at a pressure of 50 mm using a 300 watt mercury vapor lamp (General Electric 
“Uviarc”) as a source of radiation [44]. 

Pyrolytic decomposition of t-butyl nitrite in a flow system gave a dimeric 
nitrosomethane which was reasonably stable at low temperatures and had a 
melting point of 97.5°C. At room temperature this material converted to an- 
other dimeric nitrosomethane with m.p. 122°C. It was shown that the lower- 
melting form was the cis isomer, while the higher-melting form was the trans 
isomer [47]. On extending this work to the pyrolysis of a variety of alkyl 
nitrites, every possible C, to C, and one C, (probably 3-nitrosopentane) 
nitrosoalkane dimer was produced—usually as the cis isomer, except for the 
dimer of 2-methyl-2-nitrosopropane, which could only exist as the trans 
dimer on steric grounds [46]. Table II gives the melting points of these 
products and of related nitrosoalkane dimers. 

A method for the isomerization of trans dimeric compounds to cis dimeric 
isomers is indicated in Section 5, Miscellaneous Preparation 11 [18]. 

The results of a three-dimensional X-ray study have shown that 2- 
nitrosoethane dimer exists mainly in the trans configuration [47]. 

A procedure which may be of value from the preparative standpoint 
involves the preparation of trans-nitrosomethane dimer by adding a solution 
of diacetyl peroxide in sec-butyl nitrite to warm sec-butyl nitrite [59]. From 
the product of the reaction it has been assumed that this preparation involves 
the generation of free methyl radicals which react with the nitrite to give 
nitrosomethane and alkoxy radicals. The latter disproportionate to ketones 
and alcohols, while the nitroso compound dimerizes. 

Pyrolysis of the di-n-butylmercury in the presence of nitric oxide in a flow 
system produced mixtures of oximes and nitroso compounds [60]. 
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TABLE II 


PROPERTIES OF NITROSOALKANE DIMERS 


Dimer of 


Nitrosomethane 
Nitrosoethane 
1-Nitrosopropane 
2-Nitrosopropane 
1-Nitrosobutane 
1-Nitroso-1-methylpropane 
1-Nitroso-2-methylpropane 
2-Methy]-2-nitrosopropane 
C;H,,;NO (probably 3-nitroso- 
pentane) 
2-Methy]-2-nitrosobutane 
4-Nitrosoheptane 
2-Nitrosooctane 
2,3,3-Trimethyl-2-nitrosopentane 
n-Nitrosododecane 
n-Nitrosooctadecane 
Nitrosocyclohexane 


Nitrosocycloheptane 
Phenylnitrosomethane (w-nitroso- 
toluene) 
1-Pheny!-2-nitrosoethane 
trans-«-Nitrosodecalin 
cis-B-Nitrosodecalin 
trans-B-Nitrosodecalin 
2-Methy]-2-nitroso- 
l-acetoxypropane 
Trichloronitrosomethane monomer 
1-Methoxy-2-nitroso-] ,1,2,3,3,3- 
hexafluoropropane* 
1-Methoxy-1-chloro-2-nitroso- 
1,2,3,3,3-pentafluoropropane* 
1-Methoxy-1-chloro-2-nitroso- 
1,2,2-trifluoroethane’ 
Ethyl 2-nitroso-2,3,3,3-tetrafluoro- 
propionate’ 


R—N=N—R 
+ 4 
Oo oO 
Cis dimer, Trans dimer, 
m.p. (°C) m.p. (°C) 
97.5 122 
84 — 
716 —_ 
60 52, 53-56 
72 —_ 
61 —_ 
80 40, 45-6 
_ 70, 83-84, 76-76.2 
42 —_— 
-_ 50-50.5, 50.3-51.2 
—_ 49-50 
2 n2° 1.4565 
—_ 63-64 
= 16-18, 75-77 
— 87-89 
—_— 116-117, 115.5-116.5, 
86-88 
— 96-97 
= 116-118, 120-120.5 
—_ 98-100 
— 148-149 
132-133.5 — 
— 113.5-134.5 
— 67-69 


= (b.p. 55-5 dec.) 
— (b.p. 60)" 


_— (b.p. 43 (160 mm Hg)) 
es (b.p. 74) 


— (b.p. 38 (100 mm Hg)) 


Ref. 


46 

46 

46 

46, 48 

46 

46 

46, 49 
46, 48, 50 
46 


50, 51 

52 

48 

48 

48, 53 

48 

48, 52, 54 


55 
48, 52 


48 
56 
56 
50 
51 


57 
58 


58 
58 


58 


4 Literature does not specify whether a monomeric or dimeric product is described. 
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In ultraviolet light, a variety of alkanes have been subjected to the action of 
nitrogen oxide in the presence of chlorine. The preferred ratio of hydrocar- 
bon:molecular chlorine:nitric oxide was 1:1.5:1. The products were gem- 
chloronitroso compounds. Thus, for example, cyclohexane was converted 
into 1-chloro-1-nitrosocyclohexane, n-heptane into 4-chloro-4-nitrosohep- 
tane, and toluene into w-chloronitrosotoluene. The later product ultimately 
was converted into a diphenylfuroxane (Eq. 22). 


2 \ cu, + 2NO + 3Clz — 
/No 
‘ ( \& Les = (22) 
A I] 
N N 


\o% ‘o 

On reduction of the chloronitrosoalkanes with hydrogen, lithium aluminum 
hydride, or sodium borohydride in red light, the corresponding dehalogenated 
ketoximes are formed [16, 61, 62]. 

Table III gives physical properties of some of the gem-chloronitrosoalkanes 
produced by this method. It is to be noted that all were blue liquids and mono- 
meric in nature, except as noted. Other monohalonitrosoalkanes are also given 
in this table. 

At low concentrations of chlorine, dimeric nitrosoalkanes free from 
chlorine are produced when alkanes are treated also with nitric oxide. Under 
these circumstances, molecular chlorine is first converted into atomic chlor- 
ine, which attacks the alkane to form alkyl radicals and hydrogen chloride. 
The alkyl radicals, in turn, form nitrosoalkanes with nitric oxide. This 
reaction is most effectively carried out when the ultraviolet radiation is 
between 380 and 430 nm [52, 55]. 

The question of the necessary conditions for isomerization of nitrosocyclo- 
hexane to cyclohexanone oxime is of considerable commercial importance. 
The Beckmann rearrangement of cyclohexanone oxime leads to lactams 
which are Nylon intermediates. The starting materials for such a synthesis, 
cyclohexane and oxides of nitrogen, are very inexpensive raw materials. 
Hence the interest in this aspect of nitroso chemistry. 

It has been shown that the tautomerization is favored by the presence of 
gaseous hydrogen chloride, particularly at a wavelength of 300 nm [67]. 
When cyclohexane is saturated with hydrogen chloride, treated with nitric 
oxide, and exposed to a source of ultraviolet radiation, the oxime forms along 
with a trace of 1-chloro-1-nitrosocyclohexane [68]. Cyclooctane seems to 
form the corresponding oxime and the chloronitroso compounds, but under 
no circumstances nitrosocyclooctane [68]. 
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TABLE III 


PROPERTIES OF MONOHALONITROSOALK ANES 


B.p., °C 
Compound (mm Hg) nie Ref. 
2-Bromo-2-nitrosobutane 28 (19) — 63 
2-Chloro-2-nitrosobutane 34 (60) 1.4108 64 
2-Chloro-2-nitrosopentane 32 (23) 1.4179 64 
3-Chloro-3-nitrosopentane 32 (20) 1.4180 64 
2-Chloro-2-nitrosohexane 49 (20) 1.4192 64 
2-Chloro-2-nitroso-4-methylpentane 42 (18) 1.4141 64 
2-Chloro-2-nitroso-3,3-dimethyl butane (m.p. 112) a 64 
2-Chloro-2-nitrosoheptane 37 (4) 1.4270 64 
4-Chloro-4-nitrosoheptane 57 (16) 1.4321, 61, 64 
1.4270 
2-Chloro-2-nitrosooctane 75-76 (10) 1.4290 64 
4-Chloro-4-nitroso-2,6-dimethylheptane 66-67 (10) 1.4325 64 
6-Chloro-6-nitrosoundecane 94 (9) 1.4412 64 
1-Chloro-1-nitrosocyclopentane 33 (12) 1.4561 64 
1-Chloro-1-nitrosocyclohexane 51 (12) 1.4629 61 
1-Chloro-1-nitroso-2-methylcyclohexane 63 (15) 1.4649 61 
1-Chloro-2-nitrosocyclopentane dimer (m.p. 86-87) — 65 
1-Chloro-4-nitroso-2-cyclopentene dimer (m.p. 130-133) — 65 
1-Chloro-2-nitrosocyclohexane dimer (m.p. 154-155) — 65 


When nitrosyl chloride and nitric oxide in the ratio 2:6 react with 
cyclohexane in the presence of ultraviolet radiation, only nitrosocyclohexane 
dimer (m.p. 115.5°-116.5°C) is formed, while nitrosyl chloride alone and 
cyclohexane, under similar conditions, afford only cyclohexanone oxime 
[54]. Using a 2-MeV Van de Graaff generator, cyclohexane and nitric oxide 
react to give nitrosocyclohexane dimer. If hydrogen chloride is present, the 
hydrochlorine salt of the oxime is formed. Similarly, nitrosocyclohexane 
dimer, in the presence of hydrogen chloride, is converted into the same oxime 
salt under these conditions of high-energy radiation [69]. This equipment 
may lend itself to a continuous commercial operation. 

Trifluoronitrosomethane (b.p. 86.0°C, 767mm Hg) is of considerable 
interest as a component of high-temperature-resistant elastomers. This 
compound has been prepared by treatment of trifluoroiodomethane, in the 
presence of mercury, with nitric oxide in a photochemical reactor whose 
mercury lamp emitted radiation at 253.7 nm. The preparation is particularly 
sensitive to the initial pressure of the gases, reactant ratio, irradiation time, 
intensity of the ultraviolet radiation, reaction temperature, and method of 
removal of nitric oxide from the product [70]. 
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E. Nitroso Decarboxylation (Elimination-Type Reaction) 


It has been a relatively recent observation that certain aromatic hydroxy- 
carboxylic acids form nitroso compounds (presumably in dimeric form) on 
treatment with sodium nitrite [71] (Eq. 23). 

The scope of the reaction has not yet been developed. It is known that 
salicylic acid, 3-, 4-, and 5-methylsalicylic acids, and p-hydroxybenzoic acid 
undergo the reaction, but 3,5-dibromosalicylic acid, 3-nitrosalicylic acid, 5- 
nitrosaliclic acid, 3,5-dinitrosalicylic acid, and 3,5-dinitro-4-hydroxysalicylic 
acid are not nitroso-decarboxylated [72]. 


2-5. Preparation of 2,6-Dibromo-4-nitrosophenol [71] 


CO2H NO 


——- + CO, (23) 
Br Br Br Br 


OH OH 


To a solution of 2.96 gm (0.1 mole) of 3,5-dibromo-4-hydroxybenzoic acid 
in 15 ml of water and 25 ml of ethanol is added 0.7 gm (0.1 mole) of sodium 
nitrite. An immediate evolution of carbon dioxide takes place while the reac- 
tion solution becomes yellow-green. After the solution has been allowed to 
stand at room temperature for 16 hr, it is warmed on a steam bath for 10 min, 
cooled to 5°C, and acidified with 1 ml of concentrated hydrochloric acid. 

The tan precipitate which forms is removed by filtration and washed with 
cold water. By diluting the mother liquor with water, a second crop of product 
may be obtained. Total yield 2.29 gm (81%). The product, after recrystalliza- 
tion from aqueous methanol, has a decomposition temperature of 168°- 
169°C. 

CAUTION: Previous literature indicates that the product darkens about 
160°C and detonates between 168° and 175°C. 


A reaction which has some resemblance to this nitroso decarboxylation is 
the pyrolytic or photolytic decarboxylation of fluorinated nitrites (Eqs. 24 
and 25) [73]. The nitroso compounds derived from these nitrite esters appear 
to be monomeric in nature (since they are described as blue liquids). The 
overall yields of the preparation are low. 


0) 
CF2—CO I I 
O +CH;0NO -——» CH;0C—CF,CF,—C—ONO (24) 
CF,—CO 
@) 


fe) 
I I I 
CH;0C—CF,CF,—C--ONO_ —,-> CH;0C—CF,CF,NO+CO, (25) 
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F. Nitrosation of Organometallic Compounds 


The reaction of organometallic compounds with nitrosyl chloride or nitric 
oxide has received relatively little attention. 

Treatment of diphenylmercury with nitrosyl chloride produced some 
nitrosobenzene [74]. The reaction of phenylmagnesium chloride with nitro- 
syl chloride also produced this compound [75]. However, cyclohexylmagne- 
sium chloride and either nitrosyl chloride or nitric oxide produce the 
corresponding N-nitrosohydroxylamine (a cupferron free acid) and cyclohex- 
ylhydroxylamine. The N-nitrosohydroxylamine, under acidic conditions, 
decomposes to afford nitrosocyclohexane dimer [76] (see Preparation 2-6). 

Some mercuric acetylides have been treated with nitrosyl chloride to an 
inert solvent to give solutions of highly reactive nitrosoacetylenes (Eq. 26) 
[77]. The solution of this compound was moderately stable at — 78°C, but it 
decomposed at room temperature. 


[CH3(CH2);—C=C],Hg a 2CH3(CH,);—C=C—NO + HgCl, (26) 
THF 


G. Decomposition of N-Nitrosohydroxylamines (Free Acid) (Elimination-Type 
Reaction) 


An example of the decomposition of an N-nitrosohydroxylamine is given in 
Preparation 2-6. 


2-6. Preparation of Nitrosocyclohexane Dimer [76] 


 CH,—CH2 : 7CHr—CH 
2CH2 >CH—N—OH —#*> CH, >CH—NO (27) 
‘“CH,—CH? Ne “\ CH,—CH)2 , 


In a hood, to a cooled solution of 0.344 gm (0.0024 mole) of N-nitroso- 
N-cyclohexylhydroxylamine in 3 ml of glacial acetic acid is added 1 drop of 
concentrated hydrochloric acid. While there is a strong evolution of gas (68 % 
nitrogen, 27% nitric oxide, and 5% oxygen), the solution, which initially 
was blue, finally becomes yellow. 

After the reaction mixture is diluted with water, the product is separated by 
repeated extraction with ether. The ether solution is evaporated and the resi- 
dual product is dried on an unglazed clay plate. The yield of nitrosocyclo- 
hexane dimer is 0.07 gm (26%), m.p. 116°-117°C after recrystallization from 
acetone. 


§ 2. Condensation Reactions 475 


H. Reactions of Nitrosyl Chloride with Olefins 


The nitrosochlorination of olefins has been known for a century and has 
materially contributed to the early development of the chemistry of terpenes 
[78]. Studies of the scope of the reaction were not undertaken until relatively 
recently and results appear to be somewhat fragmentary. While 1-olefins such 
as I-hexene, 1-heptene, and l-octene do not react with nitrosyl chloride, the 
corresponding 2-isomers add the reagent in conformity with Markovnikov’s 
rule as if NO* and Cl~ moieties were involved [79]. 

Terminal olefins appear to be reactive only if they are not allylic in nature 
(e.g., styrene and 2,4,4-trimethyl-1-pentene). Allylbenzene (3-phenyl-1-pro- 
pene) is inert toward nitrosyl chloride, whereas propenylbenzene (I-phenyl-1- 
propene) reacts. The preparations are usually carried out at low temperatures. 
When molecular weights of the products are determined at 5°C, they corre- 
spond to dimeric structures. At the melting point of naphthalene, the products 
are predominantly monomeric. This observation is reasonably general for 
nitroso compounds [79]. 

The reaction may be carried out either by the addition of nitrosyl chloride 
or by the generation of this reagent in situ from pentyl nitrite and hydrochloric 
acid. 

In a study of the addition of nitrosyl chloride or nitrosyl bromide to norbor- 
nene and norbornadiene, it was observed that (a) there was no structural re- 
arrangement during the reaction, (b) a cis addition had taken place, (c) nucleo- 
philic solvents such as ethanol or acetic acid were not incorporated in the pro- 
ducts. These facts seem to speak against an ionic addition mechanism, while a 
free radical initiated by NO-radicals was considered unlikely since nitric 
oxide is inactive toward norbornadiene. Therefore a four-center mechanism 
has been suggested [80]. However, when a relatively simple, unstrained olefin 
such as A®-octalin was subjected to the reaction, only blue, crystalline, 
monomeric 9-nitroso-10-chlorodecalin was produced (m.p. 90°-91°C). This 
product had a trans configuration. Thus it is evident that the structure of the 
olefin has a significant bearing on the steric course of the addition [81]. 

The following two preparations illustrate the addition of nitrosyl halides to 
norbornene. In the first one, nitrosyl chloride itself is used; in the second, 
nitrosyl bromide is generated in situ. 


2-7. Preparation of cis-exo-2-Chloro-3-nitrosonorbornane Dimer [81] 


NO 
Ze, +2NOCl — > Ks (28) 
cl 


476 16. C-Nitroso Compounds 


Ina well-ventilated hood, through a stirred solution of 12 gm (0.127 mole) of 
norbornene in 150 ml of chloroform cooled to —60°C with a Dry Ice-acetone 
bath is bubbled nitrosyl chloride until the blue color is replaced by the yellow- 
brown color associated with excessive nitrosyl chloride. Then 360 ml of hexane, 
cooled to —70°C, is added and stirring is continued for $ hr. The precipitating 
product is removed by filtration and washed with hexane: yield 13.5 gm (65%), 
m.p. 145°-150°C. On recrystallization from a chloroform-hexane mixture, the 
melting point is raised to 155.5°-156.5°C. 

It is to be noted that the infrared spectrum of the crude product is different 
from that of the recrystallized product; however, the properties of the latter 
are in agreement with that reported in the earlier literature. 


2-8. Preparation of cis-exo-2-Bromo-3-nitrosonorbornane Dimer [81] 


CsH;,0NO aad 
hy Spe : (29 
Br 
H 2 


In a well-ventilated hood, to a stirred solution of 4.7 gm (0.08 mole) of nor- 
bornene and 7.02 gm (0.06 mole) of isopentyl nitrite in 10 ml of ethanol, 
cooled to 0°C in an ice-salt bath, is added dropwise, over a $ hr period, a solu- 
tion of 10 gm (0.59 mole) of 48% hydrobromic acid in 12 ml of ethanol. After 
the addition has been completed, stirring in the ice bath is continued for an- 
other 20 min. The product is isolated by filtration and washed with ethanol. 
Yield 8.1 gm (80%), m.p. 134°-136°C. On recrystallization from chloroform, 
the melting point is raised to 138°-139°C. 

It is of interest to note that the addition of nitrosyl chloride to a molecule 
such as cis,trans,trans-1,5,9-cyclododecatriene takes place only at one of the 
trans bonds [82]. It would appear from this that, in a competitive reaction 
between cis and trans double bonds, the reaction at the trans bond is favored. 
However, further work is required to substantiate this generalization, partic- 
ularly in view of the fact that in an experiment involving both cis and trans- 
stilbene the nature of the nitrosyl chloride adduct was not fully determined 
[65]. 

The reaction of nitrosyl chloride with cyclopentene, cyclohexene, and 
cycloheptene in carbon tetrachloride solution at 5°C afforded the corre- 
sponding adducts in good yield, although during the cyclohexene reaction 
considerable hydrolysis to 2-chlorocyclohexanone took place. In the case of 
cycloheptene, the crude product was not identified but rather was immedi- 
ately subjected to levulinic acid hydrolysis to 2-chlorocycloheptene. From the 
products isolated, it may be inferred that cyclopentadiene adds nitrosyl 
chloride in a 1,4- manner in moderate yields [55]. 
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The addition or nitrosyl chloride to cyclohexene has been examined in 
some detail. The results indicate that careful product analysis is required in 
every new preparation because the nature of the products is strongly 
dependent on both the solvent and the reaction temperature [17]. 

Thus, in this particular system, reaction in liquid sulfur dioxide at —30°C 
led to trans-1-chloro-2-nitrosocylohexane dimer exclusively. 

In carbon terachloride at 20°C only a small amount of the expected 1- 
chloro-2-nitrosocyclohexane dimer was formed. The major product fraction 
consisted of 1,2-dichloro-1-nitrosocyclohexane, 1-nitro-2-chlorocyclohexane, 
and 2-chlorocyclohexanone, with some 1,2-dichlorocyclohexane and two 
other minor, unidentified components. 

In carbon tetrachloride at —30°C the product mixture consisted of 95% of 
trans-1-chloro-2-nitrosocyclohexane dimer and 5 % of trans-1-nitro-2-nitroso- 
cyclohexane dimer. In trichloroethylene at —30°C, a 50-50 mixture of these 
two products was formed [17]. 

It is interesting to note that nitrosyl chloride addition to steroid-5-enes 
resulted in 5-a-chloro-6-f-nitrosteroids exclusively [83]. 


2-9. Preparation of trans-1-Chloro-2-nitrosocyclohexane Dimer (trans-2,2’- 
Dichloro-trans-azodioxycyclohexane) in Sulfur Dioxide [17] 


H 
Cl 
oe N ‘a 
H = ‘5 
2 NOCI (30) 
$02 

| 

H 


(a) Procedure for nitrosyl chloride addition. In a hood, gaseous nitrosyl 
chloride from a commercial cylinder is passed, in turn, through a U-tube filled 
with a 50-50 mixture of powdered sodium nitrite and potassium chloride and 
another U-tube filled with anhydrous calcium chloride, into a trap cooled to 
—12°C which has been calibrated to known liquid volumes at this temperature 
(dz'? of nitrosyl chloride is 1.417). When the requisite volume of liquid has 
been collected, the gas flow is stopped and the liquid is transferred under 
nitrogen pressure to the solvent-olefin mixture which has been chilled to —40°C 
and which is contained in a suitable apparatus fitted with a mechanical stirrer, 
a condenser protected against moisture, and a low-temperature thermometer. 
The reaction flask is then allowed to come to the reaction temperature by use 
of a large Dry Ice-isopropanol bath. Since the reaction is exothermic, careful 
control of the reaction temperature is necessary. 
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(b) Addition reaction. Toa cold, stirred mixture of 10.15 ml (0.1 mole) of 
cyclohexene and 50 ml of liquid sulfur dioxide is added 4.62 ml (0.1 mole) of 
nitrosyl chloride. The reaction mixture is stirred for 3 hr at —30°C. The pre- 
cipitated, slightly green solid is filtered off and washed immediately with cold 
methanol to yield 12.55 gm (85%), m.p. 139°-144°C. On recrystallization from 
absolute ethanol, a white product is isolated, m.p. 152°-153°C. 


I. Reaction of Nitrosyl Formate with Olefins 


Nitrosyl formate may be generated in situ by treating isopentyl nitrite with 
anhydrous formic acid. This reagent evidently adds to olefins such as cyclo- 
hexene, styrene, norbornene, trans-3-hexene, and 2,3-dimethylbutene to give 
nitrosoformates. While the first three olefins were converted into dimeric pro- 
ducts, 2,3-dimethylbutene produced a 50-50 mixture of the monomer and the 
dimer (as a blue oil). The product of the reaction with trans-3-hexene contained 
some of the corresponding oximino formate. 

The saponification of these dimers with aqueous alcoholic potassium 
hydroxide produced the corresponding hydroxynitrosoalkane dimers [84]. 


2-10. Preparation of 2-Formoxynitrosocyclohexane Dimer [84] 


? NO 
2 +20NOCH ——> ogni (31) 
Oo 2 


To 150 ml of cold anhydrous formic acid is added dropwise, with stirring, a 
solution of 16.4 gm (0.2 mole) of cyclohexene and 46.8 gm (0.4 mole) of iso- 
pentyl nitrite. The white solid which forms is filtered off and recrystallized from 
ethanol to yield 18.3 gm (59%), m.p. 149°-150°C. 

On saponification of this product with aqueous alcoholic potassium 
hydroxide, a 92% yield of 2-hydroxynitrosocyclohexane dimer is obtained, 
m.p. 162.5°C. 


3. OXIDATION REACTIONS 


Both aromatic and aliphatic nitroso compounds have been prepared by oxi- 
dative procedures. While few of the methods can be considered generally ap- 
plicable, a sufficient variety of reagents have been proposed that it would 
appear reasonable to state that virtually any nitroso compound may be pre- 
pared by one of these procedures. The organic substrates which have been used 
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are: oxaziranes and imines, amines, hydroxylamines, and oximes. A by- 
product of the oxidation of 4-methylcinnoline (an azo compound) has also 
been identified as a dimeric nitroso compound. 

The Baudisch reaction permits conversion of aromatic hydrocarbons to 
nitrosophenols. 


A. Oxidation of Oxaziranes and Imines 


In a study of the chemistry of oxaziranes [85], it was discovered that this 
class of novel heterocyclic compounds is readily oxidized with peracetic acid 
to give dimeric nitroso compounds. Since the oxaziranes are, in turn, 
prepared by a peracetic acid oxidation of imines, the crude imines can, by 
proper adjustment of the level of the oxidizing agent, be converted directly 
into dimeric nitroso compounds. Equations (32)-(35) show the general 
synthetic scheme [48]. 


(C)H;),CO +RNH, ——> RN=C(C2Hs)2 (32) 
re) 
RN=C(C,Hs)2 ——> R—N—C(C2Hs)2 (33) 
/ 
R—N—C(C)H;), 2) [R—NO}] (34) 
2[R-NO] ——> (R—NO), (35) 


As this reaction scheme shows, in effect, a primary amine is oxidized to the 
corresponding nitroso compound. The amino group may be attached to 
primary and secondary aliphatic carbon atoms. Long-chained, short- 
chained, and alicyclic compounds have been used. This procedure appears to 
be the most generally applicable method for the preparation of aliphatic 
nitroso compounds. Yields generally range between 30 and 90%. Among the 
by-products of the reaction are the isomeric oximes. t-Nitrosoalkanes were 
not successfully prepared by the imime oxidation. The reaction appears to be 
related to the relatively high volatility of the products. 


3-1. Preparation of 2-Nitrosopropane Dimer [48] 


PORE eco: fOr 
2 CHs—CH—-N—CC ieee >CH—NO (36) 
ue CH; CH; , 


Behind a shield, and with the extreme precautions necessary when working 
with peracetic acid, peracetic acid is prepared at 0°C by adding dropwise to 
20 ml of rapidly stirred methylene chloride, 3 ml (0.11 mole) of 90% hydrogen 
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peroxide, and 1 drop of sulfuric acid followed by 13.5 gm (0.132 mole) of 
acetic anhydride over a 10 min period while maintaining the mixture at 0°C. 
Then the mixture is stirred at room temperature for 15 min, and to the clear 
solution is added 0.5 gm of sodium acetate (to neutralize the acid catalyst). 

This peracetic acid dispersion is added dropwise to a solution of 11.5 gm 
(0.1 mole) of 2-isopropyl-3,3-dimethyloxazirane (prepared by the reaction of 
peracetic acid with N-isopropylideneisopropylamine [85] in 10 ml of methy- 
lene chloride which is cooled in an ice bath. The reaction mixture is allowed 
to warm to room temperature and is preserved for 16 hr. Then the mixture is 
treated with 100 ml of cold 20% aqueous ammonia. The organic layer is 
separated and dried with anhydrous magnesium sulfate. 

The oil which separates on evaporation of the solvent is dissolved in 40 ml of 
ether. The resulting solution is cooled in a Dry Ice—acetone bath for 2 hr. The 
precipitated product is filtered to yield 2.4 gm (33%), m.p. 53°-55°C. 


3-2. Preparation of a-Nitrosotoluene Dimer [48] 


2¢ \-cramt,-2ciHscocatts —> 2( \curcicati 2440 


(37) 


2¢ \-cu xc, GeO ((_ \-cuxo ) (38) 
2 


(a) Preparation of crude 3-butylidinebenzylamine. A mixture of 60.4 gm (0.7 
mole) of diethyl ketone, 53.5 gm (0.5 mole) of benzylamine, and 200 ml of 
benzene is distilled azeotropically until ho further water is formed. The 
remainder of the volatile solvents is then removed under reduced pressure to 
leave nearly 0.5 mole of the crude imine. 

(b) Preparation of «-nitrosotoluene dimer. With the precautions and by the 
technique described in Preparation 3-1, a solution of peracetic acid is 
prepared from 30 ml of methylene chloride, 6 ml (0.22 mole) of 90% hydro- 
gen peroxide, 1 drop of sulfuric acid, and 27 gm (0.264 mole) of acetic 
anhydride, neutralized with 0.5 gm of sodium acetate. 

This peracetic acid solution is added dropwise to an ice-cooled solution of 
17.7 gm (0.1 mole) of the imine prepared above in 50 ml of methylene chloride. 
The reaction mixture is then stored at 0°C for 16 hr, washed in turn with 200 ml 
of ice water and 200 ml of a cold 20% aqueous sodium bicarbonate solution. 
The organic layer is dried and the solvent is evaporated under reduced pressure. 
The residue is covered with 25 ml of ethanol and stored in a refrigerator over- 
night. 

After filtration, the product yield is 4.5 gm (37%), m.p. 114°-115°C. After 
recrystallization from acetone, the melting point is raised to 116°-118°C. 
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From the ethanolic filtrate, there may be isolated 7.4 gm (60%) of an oil 
which is substantially benzaldoxime. 


B. Oxidation of Amines with Caro’s Acid 


As is well known, the oxidation of aniline with various oxidizing agents 
leads to a variety of products, usually highly colored polymeric materials. 
However, the reaction of Caro’s acid (permonosulfuric acid, H,SO5) with 
aniline produces nitrosoaniline rapidly [80]. With this reagent, many aro- 
matic amines have been oxidized to the corresponding nitroso compounds, 
e.g., the three nitronitrosobenzenes were prepared from the corresponding 
nitroanilines [87, 88]. The reaction is normally carried out in an aqueous 
medium. In fact, if the Caro’s acid oxidation were carried out at low 
temperatures in an ethereal solution of aniline, phenylhydroxylamine would 
be formed. It is assumed that this product is protected from further oxidation 
because the solvent reduces the possibility of contact with the aqueous 
oxidizing agent [89]. Primary aliphatic amines, in which the amino group is 
directly attached to a tertiary carbon atom are also converted into the 
corresponding nitroso compounds [50]. 

It is to be noted that some nitroso compounds are quite volatile. For 
example, t-nitrosobutane codistills with diethyl ether although its melting 
point is reported to be 76°-76.2°C [50]. 

The procedure for using aqueous Caro’s acid as an oxidizing agent usually 
involves the preparation of the dilute acid from either potassium persulfate or 
ammonium persulfate. The following preparation illustrates the method [90]. 

Ammonium persulfate is usually the reagent of choice in these and other 
reactions involving persulfates since this salt is much more soluble in aqueous 
systems than potassium persulfate. Unfortunately, ammonium persulfate is 
not as stable to long-term storage as potassium persulfate. Consequently, 
prior to use, ammonium persulfate must be assayed for efficacy. 


3-3. Preparation of 2-Nitro-4-chloronitrosobenzene Dimer [90] 


NH, NO 


NO, NO, 
2 H2SO;5 (39) 


Cl Cl 


2 
(a) Preparation of Caro’s acid. To 54ml of cold, concentrated sulfuric acid 
is added slowly 145 gm (0.64 mole) of ammonium persulfate. The mixture is 
allowed to stand for | hr and is poured onto 355 gm of crushed ice. The ice is 
allowed to melt. Then the solution is ready for use. 
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(b) Oxidation of 2-nitro-4-chloroaniline. A cold suspension of 40 gm (0.23 
mole) of 2-nitro-4-chloroaniline in 60 ml of ice-cold concentrated sulfuric acid 
and 10 ml of water is stirred mechanically with a glass stirrer in an ice bath for 
1 hr. Then Caro’s acid solution is added and stirring is continued without 
further cooling for 17 hr. The yellow precipitate which forms is collected on a 
filter, washed with water, dried in a vacuum desiccator, and recrystallized from 
dry acetone to yield 26.2 gm (61 %) m.p. 125.5°C dec. After four recrystalliza- 
tions under nitrogen with dry acetone, the melting point is raised to 125.8°C 
dec. (evacuated capillary). 

By a similar technique, m-trifluoromethylnitrosobenzene (m.p. 73°-74°C) 
[91] and nitrosobenzene-2,4,4-d (m.p. 63°-64°C) have been prepared [92]. 

In an example in which potassium persulfate was used to generate Caro’s 
acid, to 558 ml of concentrated sulfuric acid was added, in one portion, 
500 gm of potassium persulfate. After stirring for 1 hr, the mixture was 
cautiously added to 9 kg of ice. After adjusting the pH of the solution to pH 
5.0 to 5.5 with approximately 1.5 kg of potassium carbonate, the solution was 
filtered. The cold filtrate (ca. 9.6 liters) was considered to contain between 90 
and 93 gm of persulfuric acid (Caro’s acid). 

The addition of a solution of 50 gm of 4-aminobenzonitrite in 200 ml of 
dioxan at 20°C was followed by stirring at room temperature for 20 hr. The 
light brown solid which had formed was filtered off and then steam distilled. 
From the distillate 25 gm of 4-nitrosobenzonitrite (44.5°4) was isolated 
(recrystallized from ethanol to afford yellow needles, m.p. 136°-137°C). The 
nonvolatile solid residue was identified as 4,4’-dicyanoazoxybenzene (19 gm, 
38%, m.p. 229°-230°C). In general, it seems that aromatic nitroso com- 
pounds are considered more volatile than related azoxy compounds [93]. 

By a similar procedure, ethyl p-nitrosobenzoate has been prepared [94]. 


C. Oxidation of Amines with Peracids 


Certain aromatic amines, when treated with equivalent amounts of per- 
acetic acid, form azo compounds in the presence of cupric ions and azoxy 
compounds in the absence of such metallic ions (cf. Chapters 14 and 15). 
Other amines give rise only to tarry products [95]. Some nitroso compounds, 
however, also may be prepared with peracetic acid. Obviously, the conditions 
under which these related functional groups are prepared need further 
elucidation. 

A number of dihalogenated aromatic amines have been conveniently con- 
verted into the corresponding nitroso compounds by room-temperature oxida- 
tion with peracetic acid with and without the presence of catalytic amounts of 
sulfuric acid. Care must be taken to maintain mild reaction conditions to pre- 
vent the conversion of the nitroso product into a nitro compound [96]. The 
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example cited here for the preparation of 2,6-dichloronitrosobenzene dimer 
does afford an excellent yield. 


3-4. Preparation of 2,6-Dichloronitrosobenzene Dimer [96] 


NH; NO 


2Cl Ce cl (40) 


2 


Behind a shield and with the precautions mentioned in Preparation 3-1, to 
a mixture of 400 ml of glacial acetic acid and 80 ml (0.70 mole) of 30% 
aqueous hydrogen peroxide is added 16.2 gm (0.10 mole) of 2,6-dichloroani- 
line. The mixture is maintained at room temperature for 48 hr. The straw- 
yellow product which forms is removed by filtration and recrystallized from 
hot glacial acetic acid to yield 16.1 gm (91.3%) of an almost white product, 
m.p. 173°-175°C (to a pale-green melt). On recrystallization in turn from 
ethanol, twice from benzene, and following this by vacuum sublimation, the 
melting point may be raised to 175.5°-176°C. 


Instead of the peracetic acid oxidation just described, performic acid (pre- 
pared from 98 % formic acid and 90% hydrogen peroxide) may also be used 
as an oxidizing agent for the preparation of nitroso compounds. With this re- 
agent, pentafluoronitrosobenzene and 4-nitrosotetrafluorobromobenzene 
have been prepared from the respective amines [97-99]. 

The use of perbenzoic acids, specifically m-chloroperbenzoic acid or its 
anion, will be outlined in Section 5, Miscellaneous Preparations. 

Properties of a group of miscellaneous aromatic nitroso compounds are 
given in Table IV. 

In the aliphatic series, the peracid oxidation appears to be limited to t-alkyl 
primary amines [98]. 


D. Oxidation of Hydroxylamines 


A very common method of preparing nitroso compounds involves the 
oxidation of hydroxylamines with one of a large variety of oxidizing agents. 
The starting hydroxylamines are frequently prepared by reduction of readily 
accessible aromatic nitro compounds (for example, see Preparation 3-7). 
Aliphatic hydroxylamines have also been oxidized to nitroso compounds. 


a. OXIDATION WITH BROMINE WATER AND HYPOBROMIDE IONS 


Secondary aliphatic nitroso compounds such as 4-nitrosoheptane dimer 
[52], nitrosocycloalkane dimer [55] (e.g., nitrosocycloheptane dimer), and 
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TABLE IV 


PROPERTIES OF MISCELLANEOUS AROMATIC NITROSO COMPOUNDS 


Compound’ M.p. (°C) Ref. 
o-Nitronitrosobenzene dimer 126-126.5, 125.8-126.2, 125 80, 86a, 87, 90, 101 
m-Nitronitrosobenzene 89.5-90.5 87 
p-Nitronitrosobenzene 118.5-119 90 
2-Nitro-4-chloronitrosobenzene dimer 125.8 dec. 90 
2-Nitro-5-chloronitrosobenzene dimer 136.4 90 
m-Trifluoromethylnitrosobenzene 73-74 91 
Nitrosobenzene 65-66, 66-68, 66.5-67 92, 102, 94 
p-Nitrosodipheny] ether 31-32 92 
p-Nitrosoacet ophenone 108-109 92 
Nitrosobenzene-2,4,6-d, 63-64 92 
2,6-Dichloronitrosobenzene dimer 175.5-176 96 
2,4,6-Trichloronitrosobenzene dimer 145-146, 152 84, 86a, 96, 101 
2,4,6-Tribromonitrosobenzene dimer 122-123 96 
2,6-Dibromonitrosobenzene dimer 135-136 96 
2,6-Dibromo-4-chloronitrosobenzene dimer 110-111 96 
3,5-Dichloro-4-nitrosotoluene dimer 163-164.5 96 
2,3,5-Trichloro-4-nitrosotoluene dimer 189-190 96 
3,5-Dibromo-4-nitrosotoluene dimer 136.5-138 96 
Ethy] 3,5-dibromo-4-nitrosobenzoate dimer 133-134 96 
Ethyl 3,5-dichloro-4-nitrosobenzoate dimer 154-155 96 
3,5-Dichloro-4-nitrosobenzonitrile dimer 220-221 96 
3,5-Dibromo-4-nitrosobenzonitrile dimer 190-191 96 
Pentafluoronitrosobenzene dimer 44.5-45 97 
4-Bromo-2,3,5,6-tetrafluoronitrosobenzene 39-40 97 

dimer 
m-Dinitrosobenzene 144-145 19 
p-Nitrosotoluene 44-48, 48, 46 101, 102, 94 
p-Chloronitrosobenzene 86-88, 89-91, 89.5 102, 94, 100 
2,6-Dimethyinitrosobenzene 137 101 
2,4,6-Trimethylnitrosobenzene 120 101 
4-Iodonitrosobenzene 104 101 
2,6-Dimethy]-4-iodonitrosobenzene 153 101 
5-Iodo-2-nitrosotoluene 113 101 
3,5-Dichloro-4-iodonitrosobenzene 87 101 
4-Methoxynitrosobenzene (4-nitrosoanisole) 23, 25 20, 101 
2,6-Dimethyl-4-methoxynitrosobenzene 122 101 
4-Bromonitrosobenzene 94 4, 101 
2,6-Dimethyl-4-bromonitrosobenzene 155 101 
5-Bromo-2-nitrosotoluene 101 101 
4-Nitrosobipheny] 74 101 
2-Nitrosobipheny] 101 101 
Benzo[c]cinnoline dioxide 240 dec., 233-236 103, 104 
2,2'-Dinitroso-4,4'-bis(trifluoromethyl)bi- 267 dec. 104 


pheny! 
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TABLE IV (continued) 


Compound? M.p. (°C) Ref. 
p-Nitrosophenol 120-135 dec. 20 
p-Ethoxynitrosobenzene (p-nitrosophenetole) 34-35 20 
p-Butoxynitrosobenzene -4 to -6 (b.p. 55°-56°C, 40 20 

mm Hg) 
p-Fluoronitrosobenzene 39-40 94 
m-Nitrosotoluene 50-51.5 94 
m-Methoxynitrosobenzene 48 94 
m-Chloronitrosobenzene 71.5-72.5 94 
Ethyl] p-nitrosobenzoate 82 94 
o-Nitrosotoluene 72.5 100 
3,5-Dimethylnitrosobenzene 59 100 
o-Ethylnitrosobenzene 61 100 
m-Ethylnitrosobenzene 22 100 
Isopropy! p-nitrosobenzoate 61-62 100 
o-Chloronitrosobenzene 56 100 
m-Chloronitrosobenzene 72 100 
o-Bromonitrosobenzene 97 100 
o-Iodonitrosobenzene 117 100 
m-Iodonitrosobenzene 77 100 
o-Methoxynitrosobenzene 101.5 100 


“The dimeric character of compounds listed here is indicated only where literature evidence 
exists for it. In other cases, the compounds may be either monomeric or dimeric. 


several nitrosodecalin dimers [56] have been prepared by oxidation with 
bromine water. The preparation of 4-nitrosoheptane dimer is typical of the 
procedure. 


3-5. Preparation of 4-Nitrosoheptane Dimer (Bromine Water Oxidation) 


[52] 


2. CH3(CH;).—CH—(CH,).CH ee CHs(CH)2—CH (CH,),CH (41) 
NHOH NO 


2 

A solution of 2.45 gm (0.019 mole) of N-heptyl-4-hydroxylamine is prepared 
in 2 N hydrochloric acid. To this solution is added, with vigorous stirring, 
bromine water until the bromine color just persists. During this addition a 
colorless precipitate of the product begins to form. After the addition has been 
completed, stirring is continued for a short time. Then the product is filtered 
off, washed with a small quantity of ice-cold water, and dried on an unglazed 
clay plate: yield 1.93 gm (80%), m.p. 46°-48°C. The product may be re- 
crystallized from acetone or distilled under reduced pressure (b.p. 90°-93°C, 
0.4 mm Hg). The final melting point is reported as 49°-50°C. 
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By a similar procedure, nitrosocyclohexane dimer (m.p. 116°-117°C) [52] 
and nitrosocycloheptane dimer (m.p. 96°-97°C) [55] have been prepared. 

The nitrosodecaline dimers were also prepared by this method. They were: 
trans-a-nitrosodecalin dimer (m.p. 148°-149°C), trans-B-nitrosodecalin dimer 
(m.p. 133.5°-134.5°C), and cis-B-nitrosodecalin dimer (m.p. 132°-133.5°C). In 
these dimers, the prefixes cis and trans refer to the conformation about the 
bridgehead carbons. The nitrogen-nitrogen bond of the dimer is presumed to 
be the usual trans bond [56]. 

An example of the oxidation of a hydroxylamine with hypobromide ions in 
basic solution is the preparation of 2-methyl-2-nitrosopropane dimer, which 
follows. 


3-6. Preparation of 2-Methyl-2-nitrosopropane Dimer (Hypobromide Oxida- 
tion) [48] 


CH CH; 
2CH ren OB, | CH;—C—NO (42) 
CH; H; 


To a well-stirred, ice-cooled solution of 19.2 gm (0.12 mole) of bromine in a 
solution of 12 gm (0.3 mole) of sodium hydroxide and 75 ml of water is added 
dropwise a solution of 8.9 gm (0.1 mole) of f-butylhydroxylamine in 25 ml of 
water over a 5 min period. Stirring of the mixture (initially blue) is continued 
for 2 hr. Then the crystalline dimer is filtered off, washed with ice-cold water, 
and dried to yield 7.5 gm (86%), m.p. 83°-84°C. 

Calder et al. [105] gave details for the preparation of the t-butylhydroxyla- 
mine from t-butylamine by oxidation to the corresponding nitro compound, 
followed by aluminum-amalgam reduction to the hydroxylamine. Their 
description of the hydrobromide oxidation to the nitroso derivative calls for 
reaction at —20° to 0°C. Their yields range between 75 and 85%. One 
important point made in this preparation, which should be applied generally 
to the handling of nitroso compounds, is that the crude product should be 
carefully washed with water to free it of alkali. Otherwise, the dimeric nitroso 
compound is said to decompose to volatile materials on standing. In general, 
the product should be stored at 0°C in the dark. 


b. OXIDATION WITH DICHROMATE IONS IN SULFURIC ACID 


In some cases in which the Caro’s acid oxidation of amines was not 
satisfactory, the corresponding hydroxylamines have been oxidized with 
acidified dichromate solutions [51]. Both aliphatic and aromatic nitroso 
compounds have been prepared by this method [19, 51, 92, 106]. Frequently, 
the reaction mixture from the reduction of a nitro compound is treated 
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directly with the oxidizing medium without isolation of the intermediate 
hydroxylamine. The method has been called the “nitro reduction oxidation 
technique” [92], a terminology we cannot condone. 


3-7. Preparation of m-Dinitrosobenzene (Dichromate Oxidation) [19] 


NHOH 


eae gw 
NH,Cl 


(43) 
NHOH 
NHOH 


Na2Cr20 iP: 
a “OO,  « 
NHOH 


To a vigorously stirred mixture of 20 gm (0.12 mole) of m-dinitrobenzene 
and a solution of 15 gm (0.28 mole) of ammonium chloride in 500 ml of water is 
added 37 gm (0.52 gm-atom) of zinc dust over a 5 min period. After 5 min the 
temperature of the mixture begins to rise, and after about 20 min it reaches a 
peak of 45°C. Then the product solution is removed by filtration. The zinc 
oxide residue is washed with | liter of hot water. The filtrate and the water 
washes are combined and immediately cooled to 0°C by adding enough ice 
that a minimum of 500 gm of unmelted ice remains in the mixture. 

Then, with due precautions, 175 ml of ice-cold sulfuric acid is added with 
rapid stirring, followed by the rapid addition of a solution of 17 gm of sodium 
dichloromate (technical grade) in 50 ml of water. The mixture is vigorously 
stirred for a few minutes and is then filtered. The brown precipitate is washed 
with 1 liter of cold water and transferred to a steam-distillation apparatus. 
The product, being volatile with steam, is purified by steam distillation. The 
purified m-dinitrosobenzene solidifies in the distillate and is finally isolated 
by filtration: yield 8.3 gm (51%), m.p. 144°-145°C (this product is said to be 
monomeric in nature). 


c. OXIDATION WITH LEAD TETRAACETATE 


The oxidation of N-acyl-N-arylhydroxylamines with lead tetraacetate is 
very rapid even at very low temperatures. The product obtained is the corre- 
sponding aromatic nitroso compound. The most favorable reaction conditions 
involve propionic acid or ethanol-acetic acid as a solvent and reaction times of 
less than 10sec at temperatures of —20°C or lower [102]. The use of 
ethanol-acetic acid is particularly recommended for several reasons. First, 
since the product is best isolated by steam distillation, the solvent assists in 
steam distilling rapidly. The ethanol in the distillate helps minimize clogging 
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of the condenser and also solubilizes small quantities of impurities that may 
be entrained. 

In Preparation 3-8, use is made of a reagent containing 94% lead tetraacetate 
and 6% acetic acid. If the dry, powdered oxidizing agent is used, the reaction 
solution must be cooled to —40°C or lower before its addition if comparable 
results are to be obtained. Yields are definitely reduced if the reaction time is 
prolonged much beyond 10 sec, and if the steam distillation is not completed 
within a very short time. For this reason this preparation is probably suitable 
only if small quantities of product are desired. Yields vary from modest to 
good for the preparation of nitrosobenzene, p-nitrosotoluene, and p-nitroso- 
chlorobenzene. An attempt to prepare nitrosocyclohexane by this method did 
not lead to identifiable products. 


3-8. Preparation of Nitrosobenzene (Lead Tetraacetate Oxidation) [102] 


OH 
(\~ ¢ Pb(OCOCH3) € \-x0 + ( \-com (45) 


In an apparatus set up for steam distillation and containing a rapidly stirred 
solution of 5.0 gm (0.023 mole) of N-benzoylphenylhydroxylamine (N- 
phenylbenzohydroxamic acid) in 100 ml of a 1:1 solution of ethanol—acetic 
acid, cooled to —20°C, is added 11.5 gm (0.024 mole based on 94% purity) 
of lead tetraacetate in one portion. After approximately 10 sec (when the initial 
green color just begins to darken), 100 ml of'water is added and the brown or 
black mixture is rapidly subjected to steam distillation. The distillate is col- 
lected in a receiver filled with chopped ice. The product is isolated by filtration 
of the distillate. Finally, it is dried by pressing dry between filter papers to yield 
1.4-2.0 gm (56-80%), m.p. 66°-68°C. 


d. REACTIONS WITH OTHER OXIDIZING AGENTS 

In the presence of cupric ions, m-nitrophenylhydroxylamine is oxidized by 
peracetic acid to the corresponding m-nitronitrosobenzene. In the absence of 
the metallic ion, the corresponding azoxy compound forms [95]. 

The filtered reaction mixtures from the zinc-ammonium chloride reductions 
of aromatic nitro compounds have been added to aqueous solutions of ferric 
chloride. Within 10-15 min the oxidation to nitroso compounds was com- 
pleted. In the oxidation of nine different hydroxylamines, yields ranged from 
30 to 60% [101, 107]. 

Silver carbonate has been used to oxidize propylhydroxylamine to trans- 
nitrosopropane dimer, m.p. 52°C [108]. 

Ferric ion is another oxidizing agent that has been used. Yost [109] treated 
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0.029 mole of 2-fluorenylhydroxylamine in 600 ml of DMF with 100 ml of a 
cold aqueous solution of 0.043 mole of ferric ammonium sulfate under a 
nitrogen atmosphere for 15 min. The orange precipitate (2,2’-azoxyfluorene, 
m.p. 262°C) was filtered off. To the filtrate, 1300 ml of ice-cold water was 
added. The green precipitate that formed was collected, washed with cold 
water, and dried under reduced pressure. Yield: 2.60 gm (47%), m.p. 
72°-78°C. Upon recrystallization from hexane, the melting range was raised 
to 78°-79°C, 


E. Oxidation of Oximes with Halogens 


In his pioneering work on nitroso compounds, Piloty [63, 110, 111] 
described their formation by treatment of oximes with bromine according to 


Eq. (46). * 
R 
aS =NOH+Br, —“" > R—C_NO+HBr (46) 
a 


A more recent procedure recommends the careful exclusion of light during 
the oxidation of oximes with dry chlorine [61, 62]. 


3-9. Preparation of 4-Chloro-4-nitrosoheptane (Oxidation with Chlorine) 
[61] 


cl 
CC CH Et CCIECH, pees CHsCH2CH2—C—CH:CH:CH, (47) 
NOH NO 


In a hood, with careful exclusion of daylight, dry gaseous chlorine is bubbled 
through a solution of 12.0 gm (0.093 mole) of 4-heptanone oxime in 150 ml of 
ether with vigorous stirring. The addition of chlorine is continued until the 
colorless oil which separates initially is redissolved and a blue mixture forms. 
The reaction mixture (lachrymatory) is cooled and extracted with 2 N sodium 
hydroxide solution. 

The ethereal product solution is dried with anhydrous sodium sulfate and 
filtered. Then the ether is evaporated from the filtrate. The residue is purified 
by fractional distillation under reduced pressure. The main fraction has a boil- 
ing range of 56°-58°C (15 mm Hg). The product is a blue liquid of unpleasant 
odor which is also lachrymatory: yield 12.6 gm (82%), n2° 1.4321. 


a. OXIDATION OF OXIMES WITH N-BROMOSUCCINIMIDE 


In a pyridine medium, the Piloty oxidation mentioned above often leads to 
difficulties in the isolation of liquid products of low molecular weight. Handling 
problems are much simpler when N-bromosuccinimide in an aqueous medium 
is used. The following preparation (of 1-bromo-1-nitrosocyclohexane) illu- 
strates the techniques used. Unfortunately, the final isolation of the product 


490 16. C-Nitroso Compounds 


was not described, because the product solution was oxidized directly to the 
corresponding bromonitro compound. Since the latter was formed in a 63% 
overall yield, it may be assumed that the intermediate bromonitroso product 
was formed in good yield [112]. 


3-10. Preparation of 1-Bromo-I-nitrosocyclohexane (Oxidation with NBS) 


[112] 
CH,—CH), CH,—CH, Br 
Z \ S / 7 
CH, c=NoH > cH, Wee (48) 
CH,—CH, CH,—CH, NO 


To a vigorously stirred suspension of 54.5 gm (0.3 mole) of N-bromosuccini- 
mide in 150 ml of water, cooled to 10°C with an ice bath, is rapidly added a solu- 
tion consisting of 11.3 gm (0.1 mole) of cyclohexanone oxime, 25.3 gm (0.3 
mole) of sodium bicarbonate, and 150 ml of water over a 15 min period, while 
maintaining the reaction temperature at 10°C. 

After stirring has been continued for an additional 15 min, the product is 
extracted with four 50 ml portions of petroleum ether (b.p. 35°-37°C). The 
combined extracts (CAUTION: lachrymatory) are concentrated by evapora- 
tion under reduced pressure. When approximately 30-50 ml of the blue solu- 
tion remains, 1-2 gm of the white dimer begins to separate. As indicated above, 
the product from this reaction has not been isolated. It is presumed that pro- 
cedures of isolation similar to those given for other preparations in this 
chapter will be satisfactory. 


¥. Oxidation of Azo Compounds 


Azo compounds may be considered to have the carbon-nitrogen framework 
of dimeric nitroso compounds. The oxidation of one of the nitrogen atoms of an 
azo compound to an azoxy compound has been discussed in Chapter 15. The 
oxidation of the second nitrogen would give rise to one of the resonance forms 
of a nitroso dimer. Indeed, on oxidation of 4-methylcinnoline with hydrogen 
peroxide in acetic acid, a 4% yield of 4-methylcinnoline-1,2-dioxide, m.p. 
168°-169°C, was isolated (Eq. 49) [113]. This product may be considered an 
intramolecular dimeric nitroso compound. 


CH; CH3 
SS SS 
02 (49) 
NAN CH3CO2H ZN 
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Further studies of the oxidation of azo, azoxy, and hydrazine derivatives to 
the nitroso dimer stage would be of considerable interest. In such research the 
problems of unsymmetrically substituted nitroso dimers might also be con- 
sidered. 


G. The Baudisch Reaction 


An intriguing method for preparing phenolic nitroso compounds was 
discovered by Baudisch [114]. Interestingly enough, the product mixture 
from the reaction appears to be primarily the ortho-substituted phenol, a 
class of compounds of which very few examples seem to have been described. 

The reaction appears to be applicable to a wide range of aromatic starting 
materials, exceptions being aromatic aldehydes and aromatic primary amines 
[115]. In effect, the aromatic compound to be converted is stirred with an 
aqueous solution of hydroxylamine hydrochloride in the presence of metallic 
ions such as copper ions [114-116], or complex ions such as the pentacy- 
anoammine ferrate (II) ion [87]. The mixture is then treated with 30% 
hydrogen peroxide and a highly colored complex of the nitrosophenol forms. 
Presumably, the free nitrosophenol may be isolated by treatment of the 
complex with an acid (Eq. 50). 


OH 
C) + snow ae @q) = CY | come (50) 
22 
NO 


Although the references cited mention the preparation of a large number of 
new o-nitrosophenols by this method, this work had been done primarily to 
study the reaction mechanism or the properties of the complexes. Detailed 
directions for typical preparations, yield data, and properties of the final 
products are lacking. 


4. REDUCTION REACTIONS 


It is natural to presuppose that the reduction of nitro compounds should 
lead to the nitroso compounds, at least as an intermediate stage. Until quite 
recently, no reductive processes for the formation of nitrosoalkanes were 
known [3]. More recently, some indirect evidence is said to show that, on 
electrolytic reduction of tertiary aliphatic nitro compounds, the final f-alkyl- 
hydroxylamines are produced by the intermediate formation of nitroso com- 
pounds which were not isolated [99]. 
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In the aromatic series, 2,2’-dinitrobiphenyl has been reduced with zinc and 
potassium hydroxide [103] or with sodium sulfide to give low yields of 
benzo[c]cinnoline dioxide, an intramolecular, dimeric, nitroso compound 
(104, 119] (Eq. 51). 


Na2S 


It was believed that m-trifluoromethylnitrobenzene could be reduced either 
with ethylmercaptan or with zinc in aqueous ammonium chloride to the 
corresponding nitroso compound [120]. Subsequent work showed however, 
that the product isolated was m-trifluromethylazoxybenzene [91]. 

It would appear, therefore, that the field of reductive preparations of 
nitroso compounds has not yet been adequately explored. 


5. MISCELLANEOUS PREPARATIONS 


(1) The Barton reaction [121]. A photochemical exchange process be- 
tween a nitrite group and a proximate nonactivated hydrogen has been called 
the Barton reaction. The process appears to be limited to aliphatic com- 
pounds (Eq. 52). 


tas ‘i OH NO 
2 a a ae ae Beetle (52) 
H H 


2 


(2) The Kabsalkalian-Townley reaction [122]. A photochemical ex- 
change process between a nitrite group and a hydrogen atom in alicyclic 
compounds which usually leads to linear a-nitroso-w-aldehyde dimers 
(Eq. 53). 


CH2 


0) 
CH, CHONO I 
bee ol > | HCCH,CH,CH,CH,CH,NO (53) 
CH, CH, , 
ee 
CH, 


In the case of cycloheptyl nitrite and cyclooctyl nitrite, the 4-nitroso-1!-cyclic 
alcohol dimers expected from the Barton reaction are isolated. 
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(3) Direct C-nitrosation of m-halophenols in acetic acid [123] (Eq. 54). 


OH OH 
50% CH3CO2H 
aes 
I 40% NaNO, I (54) 
in H,0, 
below 20°C 
NO 


(4) Nitrosation of pyrimidines and aminouracil [124-126] (Eqs. 55, 56). 


10) 0 
NO 


HN fia HN 
| Saco | 
cH):NL, NHCH,CH;0OH = CH;CO:H cHy wl NHCH,CH,OH 


m.p. 246°-247°C 


(124, 125] (55) 
OH OH 
NZ NaNO, ps 
——_> (56) 
2s, CH3CO2H Hol | NH, 
[126] 
(5) Etherification of p-nitrosophenol [20] (Eq. 57). 
NO NO 
+R—CH—OH he +H,0 (57) 
R’ bp 
OH formed ° 
CH 
R’ ’R 


R’ = Hor alkyl 


(6) Amination of p-nitrosophenol ethers with primary aromatic amines 
[36] (Eq. 58). 


NO NH, 


H+ , 
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(7) Reaction of sulfinates with nitrosyl chloride [57] (Eq. 59). 
CCI;80,Na+Noc] 22°C. ccI,NO+S0, + NaCl (59) 
(8) Addition of dinitrogen trioxide to olefins [127] (Eqs. 60, 61). 


ONO 
CHa=C—CH.CI Bu0s ON—-CH:—C—CH.CI (60) 
CH; CH; 
cH,=cHcH.c1 22%, ONO—CH;—CH—CH,CI (61) 
NO 


{monomer and dimer) 


(9) Addition of nitric oxide to fluoroolefins [128-131]. The addition of 
nitric oxide to tetrafluoroolefins produces mixtures of nitroso, nitro, and other 
compounds. In the presence of ferric chloride, substantial quantities of certain 
nitroso products are formed (Eqs. 62, 63). 


CF,=CF,+No 3, ccF,—cF,NO (62) 
(71%) 

CF=cFcl+No F£3, ccr,—cFcINO (63) 
(76%) 


(10) Addition of nitrosyl chloride to fluoroolefins [131-133] (Eqs. 64, 65). 


CF,=CF,+Noc! £2,  cicF,—CF,NO (64) 
(79.6%) [132] 


CF,=CFC] NOC,  CICF,CFCINO, CICF,CFCINO,, and CICF;CFCl, (65) 
[133] 


(11) Isomerization of trans nitroso isomers to cis nitroso isomers [18] 
(Eq. 66). 


1. Dissolved 
in 2-methyl 
tetrahydrofuran 
R 2. Cooled in liquid 
re 7 nitrogen cane oer. (66) 
= > =! 
va \ 3. Irradiated with 4 SR 
R oO uv—> monomer R 
4. Warm to — 78°C 


(12) Treatment of 4-chloroaniline with chloroperoxidase as a catalyst and 
hydrogen peroxide in a phosphate buffer at pH 4.4 led to the formation of 4- 
chloronitrosobenzene [134, 135]. 
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(13) Hindered amines such as 2-aminobiphenyl, 3-methoxyfluoren-2- 
amine, and 3-bromofluoren-2-amine have been oxidized with m-chloroper- 
benzoic acid in chloroform to the corresponding nitroso compounds [136]. 

(14) Heterocyclic amino compounds as well as some aromatic amines 
have been reacted with dimethyl sulfide and N-chlorosuccinimide, and 
deprotonated with sodium methoxide to the S,S,-dimethylsulfilimines, which 
may be oxidized with m-chloroperbenzoic acid to produce nitroso com- 
pounds (Eq. 67) [137, 138]. 


(CH3)2S NaOCH3 8 @ 
R—-NH, — ———> R—-N-S(CH); 
-chih b i 
ai loroperbenzoic (67) 
R~NO 


Among products prepared by this method are 4-methyl-2-nitrosopyridine, 
m.p. 137°-138°C (50% yield), and the unstable 1-nitrosoisoquinoline, 2- 
nitrosopyrimidine, and 2-nitrosopyrazine. These were characterized by con- 
version to appropriate derivatives. 

(15) Nitrosoalkenes have been prepared from a-chloroketoximes treated 
with triethylamine and less readily from a-chlorosilyloximes with tetrabutyl- 
ammonium fluoride. Those nitrosoalkenes which cannot tautomerize are 
stable and readily formed even from silyloxime [139, 140]. 
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CHAPTER 17 | N-NITROSO COMPOUNDS 


1. INTRODUCTION 


The treatment of a large variety of organic nitrogen compounds with 
typical nitrosating agents may produce the corresponding N-nitroso com- 
pounds. Among the nitrogen compounds which have been nitrosated are 
aromatic and aliphatic amines, aminoketones, N-substituted amides, ure- 
thanes, sulfonamides, lactams, diketopiperazines, ureas, thioureas, oxazoli- 
dones, ketimines, alkylhydrazines, 3-nitroguanidines, guanylhydrazines, 
carbamylhydrazines, and hydroxylamines. 

From the standpoint of theoretical research, extensive studies have been 
reported. In the first edition of this work, we stated that from the standpoint 
of applications, N-nitroso compounds were of limited interest. For example, 
the exhaust gases of the early lunar module (LM) evidently contained nitroso 
derivatives of unsymmetrical dimethylhydrazine and hydrazine, as well as 
methylamine [1]. Since that time, the interest in this class of compounds has 
grown with the discovery of evidence that N-nitrosoamines may be ex- 
tremely carcinogenic and that some N-nitrosoureas may be of value as 
anticancer agents. 

In the course of a number of well-known organic syntheses, such as the 
formation of diazonium salts from aromatic amines by reaction with nitrous 
acid, undoubtedly the intermediate formation of N-nitroso compounds is 
involved. The Demjanov and Tiffeneau-Demjanov ring expansions also 
involve N-nitroso compounds [2]. Some N-nitroso compounds have been 
used as sources of free radicals and as blowing agents. 

In certain cases, N-nitroso derivatives of secondary amines have been used 
as a means of purifying amines [3]. In this procedure, N-nitroso derivatives of 
amines are prepared, isolated, and then reduced with stannous chloride and 
hydrochloric acid. Isolation of the amines from the reducing medium evidently 
produces compounds purer than those purified by more conventional means. 

N-Nitrosation reactions should be of interest also because they are 
methods of establishing covalent nitrogen-to-nitrogen bonds directly. One 
method of preparing substituted hydrazines depends on this procedure (see 
Volume I, Chapter 14). 

The thermal stability of N-nitroso derivatives is highly variable; conse- 
quently it is suggested that any effort to prepare such derivatives be carried out 
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with extreme care. In particular, care must be exercised in avoiding contact of 
N-nitroso compounds with strong alkaline media because the unstable diazo- 
alkanes are generally prepared by this method (see Volume |, Chapter 15). 

According to one patent [4], some unstable nitroso compounds may be 
stabilized by addition of such inert materials as ammonium bicarbonate, 
ammonium carbonate, magnesium acid phosphate, ammonium or sodium 
acid phosphate, calcium lactate, ammonium alum, and calcium silicate. 

Ridd [5] and Kalatzis and Ridd [6] have written an interesting series of 
studies and reviews on the interrelationship of nitrosoation, diazotization, 
and deamination. Other reviews covering various aspects of N-nitroso 
chemistry are given in [7-22]. Chapter 16 should also be reviewed for 
background material on nitrosations. 

Although there are exceptions, which will be mentioned in the appropriate 
section of this chapter, N-nitrosation is usually carried out on the nitrogen 
compounds in which the nitrogen bears only one hydrogen. 

The N-nitroso derivatives frequently are thermally or photolytically un- 
stable or both. Many of them have a corrosive action on the skin or on the 
mucous membranes, and some are thought to be highly carcinogenic (e.g., see 
[19]). Since this matter has only recently come to light, much of the older 
literature makes mention neither of safety precautions nor of health hazards 
in handling nitroso compounds. A report by V. M. Craddock entitled 
“Nitrosamines and human cancer: proof of an association?” [23] outlines 
the complexity of evaluating the many factors that have to be considered. 
According to this article, many participants at a meeting on N-nitroso 
compounds agree with K. Preussmann of the General Cancer Center that 
there is proof of an association of N-nitrosamines and human cancer. 

In the literature, safety precautions are only briefly described, although 
several authors have offered to assist other workers in setting up appropriate 
safety procedures. One of the clearer statements was made by Kupper and 
Mechejda [24]. They stated that experiments “were carried out in an efficient 
fume hood”. Nitrosamine wastes were burned in a high-temperature inciner- 
ator. Whether this protocol is adequate needs further study. In our own 
experience with relatively harmless but odoriferous compounds we have 
found that frequently fume hoods of several laboratories are interconnected. 
Consequently, vapors from one hood may find their way into another. In 
another case, atmospheric conditions on the roof caused vapors from one 
exhaust duct to reenter the building through another duct. 

Furthermore, since simply to exhaust toxic vapors into the environment 
from a fume hood exhaust no longer can be considered an acceptable 
procedure, clearly the exhausts from the hoods must be decontaminated prior 
to release to the environment or even to interconnecting ducts. Higher 
temperature incineration would appear to be a useful technique provided 
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there is certainty that the hazardous compounds do not volatilize out of the 
combustion zone prior to total destruction. We generally suggest extreme 
caution in handling N-nitroso compounds, their reaction solvents, wastes, 
filter papers, laboratory equipment, etc. 

The nitrosations are usually carried out with conventional reagents. The 
most common procedures involve: (a) sodium nitrite with acids in an aqueous 
system, (b) sodium nitrite in acetic anhydride, (c) nitrogen trioxide, (d) nitrosyl] 
chloride in the presence of a base, and (e) dinitrogen tetroxide in the presence 
of a base. 

Mixtures of nitrogen dioxide and nitric oxide, nitrosonium tetrafluoro- 
borate and alkyl nitrites have also been used occasionally in specific situations. 


NOTE: In the nitroso compound literature, frequent reference is made to 
the Liebermann test. This test may very well have been one for identifying 
phenols by the dyes which are formed in the presence of nitrous acid. 

The test consists of warming a sample with phenol in concentrated sulfuric 
acid to give an intensely colored solution (usually dark red). The test solution 
is then diluted with water and treated with an excess of potassium hydroxide. 
A blue color is formed when a nitroso compound was present in the sample 
[25]. This is based on the presumption that many, if not all, C-nitroso and 
N-nitroso compounds are decomposed by concentrated sulfuric acid to give 
the nitrous acid required for the reaction. 


2. N-NITROSAMINES 


The nitrosation of amines leads to a variety of reaction products depending 
on the degree of substitution of the amino group. The nitrosation of aromatic 
primary amines normally leads to the formation of diazonium salts (see Volume 
I, Chapter 15), while the nitrosation of aliphatic primary amines may produce 
a variety of deamination products [2, 5, 6, 25-27]. Evidently, 1,2-ethanedia- 
mine coordinated in a platinum (IV) complex may be nitrosated in boiling 
water by adding a boiling solution of potassium nitrate [28]. 

The reaction of secondary amines generally stops at the N-nitrosamine 
stage, although derivatives of aromatic amines may undergo the Fischer- 
Hepp rearrangement (see Chapter 16). In some cases, tertiary aromatic and 
aliphatic amines have been known to dealkylate and form N-nitrosamines. 
Aromatic tertiary amines may also be nitrosated in the para position, a 
reaction discussed in Chapter 16. 

In the reaction of amines with nitrous acid, one would expect the primary 
reaction to be the formation of an alkylammonium nitrite salt. Despite a few 
observations on the formation of such salts in the late nineteenth and early 
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twentieth centuries, the formation of such salts was largely ignored until 
recently [29]. To decrease the possibility of formation of nitrosamines, the 
preparation of nitrite salts is carried out in methanol at a low temperature 
and in the presence of carbon dioxide, which seems to form compounds with 
formulas corresponding to (RNH,),CO, as intermediates. Once formed, 
however, many nitrite salts appear to be quite stable. Some exhibit relatively 
high melting points. Other nitrites are said to be unstable. 

Since the neutralization reaction of an amine with nitrous acid is presum- 
ably instantaneous while the nitrosation of an amine proceeds at a lower rate, 
further investigations would be of interest to elucidate whether nitrite salt 
formation is a necessary preliminary step to the formation of N-nitrosamines 
or whether the covalent product forms independently. In the latter case, there 
would be competitive reactions of significantly different reaction rates and 
mechanisms. The yield of N-nitrosamines may be influenced by the extent to 
which the more water-soluble nitrite salts may be present in the course of a 
preparation. 


A. N-Nitrosation of Primary Amines 


The best known example of the treatment of a primary aliphatic amine 
with nitrous acid involves the reaction of esters of glycine hydrochloride with 
sodium nitrite to form esters of diazoacetic acid. This reaction is carried out 
at low temperatures and under such reaction conditions that any N-nitroso 
primary amine which might have been formed is immediately converted to 
the diazoacetate [30,31]. Treatment of 1-methyl-2,2,2-trifluoroethylamine 
hydrochloride, another primary amine, with sodium nitrite in an aqueous 
system also evidently leads to the corresponding diazoalkane [32]. 

The ease with which diazo compounds are formed in these reactions 
should constitute reasonable warning that the nitrosation of all amines is 
fraught with considerable hazard. Not only can the unstable diazo com- 
pounds be formed, but also the intermediate nitrosamines themselves may be 
explosive in nature. Therefore, each particular case must be carefully ex- 
amined for safety hazards. As a matter of fact, even though a reaction may 
have run successfully at one time or another, this does not necessarily imply 
that it is indeed safe (see safety note in Redemann et al. [33)). 

In the case of B-aminoalkanols as well as 3-aminoalkanols, recent studies 
have shown that treatment of such primary amines with nitrous acid leads to 
deamination to generate aldehydes capable of reacting with more of the 
aminoalkanol starting material to form oxazolidines, which, in turn, are then 
N-nitrosated (Eq. 2) [26]. 


fe) 
HONO @ —N2 | 
HOCH,CH,NH, ———* [HOCH,CH,N,] —— > HCCHs (1) 


§ 2. N-Nitrosamines 503 


e) CH,—CH, 

lI HONO =| 

HCCH, + HOCH,CH,NH, ——> O yReNe (2) 
oA 
CH, 


Primary amines may also be converted to a-nitrosoaminoalkyl ethers by 
treating a primary amine with aldehydes in the presence of acetic acid and 
sodium nitrite about 5°C [27]. 


B. N-Nitrosation of Secondary Amines 


The nitrosation of secondary aliphatic amines with sodium nitrite and 
hydrochloric acid has been well described [34]. 

The preparation of N-nitroso-8-alkylaminoisobutyl ketones is of particular 
interest as a method for preparing the intermediates for the diazoalkane syn- 
thesis. The preparation of these compounds is based on the addition of a 
primary amine to mesityl oxide to give a secondary amino ketone which is then 
nitrosated (see Volume I, Chapter 15, Section 2A,g). This preparation uses an 
acetic acid/sodium nitrite reagent instead of the better-known hydrochloric 
acid/sodium nitrite reagent [35, 36]. 


2-1. Preparation of Methyl N-Nitroso-B-methylaminoisobutyl Ketone [36] 


CH; 
cana Ca eonee eon: men eatniab -euieed (3) 
cee bu, 
CH; 0 CH; 0 
CH;NH—C—CH.CCH; aoe Oe re rs (4) 
CH; NO CH; 


With suitable safety precautions, an ice-cold solution of 135 gm (2.0 moles) 
of methylamine hydrochloride in 200 ml of water is treated with a solution of 
80 gm (2.0 moles) of sodium hydroxide in 200 ml of water with vigorous 
stirring while maintaining the temperature below 20°C. Over a period of 1 hr, 
to this solution is added, dropwise, 195 gm (1.8 moles) of mesityl oxide. 
Stirring is continued for an additional hour. Then the reaction is neutralized 
cautiously at a temperature below 7°C with approximately 120 gm of glacial 
acetic acid. Thereafter a solution of 360 gm (3.9 moles) of 90% pure sodium 
nitrite in 450 ml of water followed by 180 gm of glacial acetic acid is added 
without special cooling. Stirring is continued for 4 hr and the temperature is 
allowed to rise, but not to exceed 35°C. 
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The product is extracted from the reaction mixture by two extractions with 
ether. The aqueous reaction mixture is then saturated with sodium chloride 
and again extracted with ether. The combined ether extracts are washed in 
turn with two portions of dilute acetic acid and one portion of a 10% calcium 
chloride solution. Finally the solution is dried over calcium chloride. 
Low-boiling solvents and impurities are separated by evaporation followed 
by cautious distillation up to 100° (30 mm Hg). The residual product weighs 
213-228 gm (75-80%), m.p. 21°-22°C. 


A variation of the nitrosation with acetic acid/sodium nitrite is illustrated in 
the preparation of N-nitrosodicyclohexylamine. In this case, dicyclohexyl- 
amine was converted into its acetate salt (m.p. 115°-116°C) and the salt was 
warmed with an aqueous solution of acetic acid and sodium nitrite. The in- 
soluble precipitate was filtered and recrystallized from acetone, yielding the 
nitrosoamine in the form of colorless crystals, m.p. 104°-105°C [29]. 

Not only may acetic acid/sodium nitrite be used to nitrosate secondary 
amines but also mineral acids and sodium nitrite [37-40]. There are also 
trans-nitrosation procedures, which will be discussed below. 

The relatively complex cyclic system camphidine has been converted into 
N-nitrosocamphidine with the acetic acid/sodium nitrite reagent [41]. This 
reagent has also been used to prepare ['*C]dimethylnitrosamine from the 
corresponding [!*C]dimethylamine [42]. 

On the other hand, cimetidine has been nitrosated with hydrochloric acid/ 
sodium nitrite. In this connection it is important to point out that the exact 
reaction conditions must be carefully controlled, as will be indicated below. 
Under one set of conditions the simple N-nitrosocimetidine hydrate was 
formed. With an excess of sodium nitrite, and in the presence of atmospheric 
oxygen, N-nitrosocimetidine nitrate was isolated [43]. 


2-2. Preparation of N-Nitrosocimetidine Hydrate and Nitrate [43] 


CN CN 
y, r, 
CH= NHONNCAS SOLE: CH, os CH NENH(CH) SCH, cH, (5) 
a I ae 
Nx NH Ny .NH-H,O 
: JEN 
ee Neng Sen CH; (6) 
NO = 


Ny NH-HNO; 
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With suitable safety precautions, in a 100-ml Erlenmeyer flask fitted with a 
magnetic stirrer is placed a solution of 2.25 gm (9 mmole) of cimetidine in 
45 ml of 2M hydrochloric acid. The flask is closed with a serum cap; the air in 
the flask is displaced with nitrogen. The flask is cooled to 0°C. Then a 
solution of 2.1 gm (30 mmole) of sodium nitrite in 15 ml of water is injected 
through the serum cap. Stirring at 0°C is continued for 40 min. The flask is 
then opened and made basic to pH 10 with potassium carbonate. 

The product is extracted from the reaction mixture with three 25-mi 
portions of ethyl acetate. The combined extracts are washed in turn with a 
saturated sodium chloride solution and water. After drying the ethyl acetate 
solution over anhydrous sodium sulfate, the solvent is removed on a rotary 
evaporator. The pale yellow oily residue is stored at 0°C overnight to assist in 
its solidification. The product had a m.p. of 23°-28°C; ir (neat) 1440 (NO), 
1630 (C=N), 2150 (C=N), 3300 cm~! (NH). Yield: 85%. 

After nitrosation for a period of 2 hr at 0°C with five equivalents of sodium 
nitrite in an open system with atmospheric oxygen freely circulating, the 
nitrosocimetidine nitrate was isolated as a yellow solid in 75% yield, m.p. 
143°-144°C (from ethanol). 

The tetranitrosation of 1,4,5,8-tetraazadecalin is of interest not only as a 
synthesis but also from the standpoint of stereochemistry. The compound 
may exist in four isomeric forms. The reaction evidently produces a mixture 
which, in DMSO, consists of 88 °% in form I, 12% in form II, and 0.5 % in form 
III (based on the 1H NMR spectrum). With 1*N and !'3C NMR spectroscopy 
evidence of possibly 0.5% of form IV was found [44]: 


O O O O 0. O O O 
Y/, y/, YA 4 NY 4 4 Y/ 
ace vs + oY 
ee ae ee ae 
4 ot ia a 
| | 
N N N N N N N N 
Wy / Y, NY 4 NY \ \ 
SC So oo No o % ‘% 
49) (I) (IIT) (IV) 
88% 12% 0.5% 0.5% (7) 
anti, syn, anti, anti, anti, anti, anti, anti, anti, anti, anti, syn, 
syn form syn form syn form syn form 


2-3. Preparation of 1,4,5,8-Tetranitroso-1 ,4,5,8-tetraazodecalin [44] 
NO NO 


H H 
N N N N 
Opec 


NO NO 
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With suitable safety precautions, in a 125-ml Erlenmeyer flask fitted with a 
magnetic stirrer, a solution of 3.45 gm (50 mmole) of sodium nitrite in 20 ml 
of water* and 1.42 gm (10 mmole) of 1,4,5,8-tetraazodecalin. The solution is 
cooled to —2°C and then maintained below 5° while 50 ml of 1N hydro- 
chloric acid is added over a period of 1 min. A white precipitate forms almost 
immediately. The mixture is stirred for 30 min at 0°C and then at room 
temperature for 1 hr. The product is collected on a Biichner funnel, washed 
thoroughly with water, and dried overnight in a vacuum oven. Yield: 2.35 gm 
(91%); decomposition point 211°-212°C. The product is recrystallized from 
DMF/water to yield light yellow needles; ir (KBr) 2900 (w), 1475 (m), 1450 
(sh), 1410 (m), 1370 (n), 1310 (m), 1300 (m), 1275 (m), 1260 (m), 1210 (m), 
1190 (m), 1110 (m), 1050 (m), 975 (w), 935 (m), 895 (w), 830 (w), 735 (m). 

By similar procedures, trans-10-methyl-1,8-dinitroso-1,8-diazadecalin 
(m.p. 68°-70°C) and _ trans-10-methyl-1,8-dinitroso-1,8-diazadecalin (m.p. 
82°-84°C) were prepared [45]. 

Secondary amines containing at least one aromatic group are readily 
nitrosated in an aqueous medium using sodium nitrite and hydrochloric acid. 
The preparation of N-nitrosophenylglycine, an intermediate in the prepara- 
tion of 3-phenylsydnone [46, 47], is a case in point. 


2-4. Preparation of N-Nitrosophenylglycine [46] 


1 i 
( \-nucu,¢-on Ses ( \-new,¢—on (8) 
HCl | 


NO 


A suspension of 50 gm (0.3 mole) of phenylglycine in 600 ml of water is 
cooled in an ice bath to 0°C. When the suspension has reached 0°C, a solution 
of 25 gm (0.36 mole) of sodium nitrite in 150 ml of water is added dropwise at 
such a rate that the temperature remains at 0°C. Stirring is continued until a 
clear red solution is obtained. Then the solution is rapidly filtered. To the solu- 
tion is added sufficient concentrated hydrochloric acid with rapid stirring to 
render it acidic (about 100 ml of concentrated hydrochloric acid). Stirring is 
continued while the fluffy product precipitates. The resultant product is filtered 
with suction, washed repeatedly with ice-cold water, and air-dried: yield 
54.5 gm (91 %), m.p. 102°-103°C. 

Since many N-nitrosoaniline derivatives are liquids, suitable modifications 
have to be made for the isolation of the product. In many cases the nitrosation 
is carried out with a dispersion of N-substituted anilines in hydrochloric acid 
and crushed ice to maintain the low temperatures of the reaction. Concentrated 


* The original preparation given in [44] mentions only the formation of a solution of sodium 
nitrite in tetraazodecalin. We assume that water was also used, by analogy to [45]. 
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hydrochloric acid and sodium nitrite solutions are then added in turn while 
maintaining temperatures between 0° and 10°C. The product may be isolated 
by extraction with suitable solvents, such as benzene [48] or ether [49, 50], 
followed by evaporation of the solvent and distillation of the product under 
reduced pressure. 

The nitrosation of 2,5-diphenylpyrrolidine in an ice-cold solution of ethanol 
and hydrochloric acid with sodium nitrite produced the expected N-nitroso- 
2,5-diphenylpyrrolidine. The product could be separated into trans and cis 
isomers by fractional crystallization using acetone-water mixtures. The ratio 
of trans to cis isomer was found to be 2.5: 1. When the nitrosation was carried 
out in an acetic acid solution, the ratio of trans to cis isomer remained the 
same although the yield of the identified products was somewhat lower (71 vs 
56%) [51]. The ratio of the isomers of the starting pyrrolidine was not 
reported. 

Purified trans-N-nitroso-2,5-diphenylpyrrolidine, when treated with 
30.5% aqueous potassium hydroxide solution in a nitrogen atmosphere, was 
partially isomerized to cis-N-nitroso-2,5-diphenylpyrrolidine (21% yield of 
cis isomer) [51]. The identity of the product was confirmed by infrared 
spectra and elemental analysis. The configurations of the two isomers were 
assigned on the basis of NMR studies. 


2-5. Preparation of trans- and cis-N-Nitroso-2,5-diphenylpyrrolidine [51] 


NaNO, 
= ay 
CsHs . 6Hs " ycl/C,H,0H CoHs oHs (9) 


| | 
H NO 
(cis and trans isomers) 

In a 1 liter, three-necked flask equipped with a mechanical stirrer, addition 
funnel, and a gas outlet, a solution of 138.4 gm (0.62 mole) of 2,5-diphenyl- 
pyrrolidine in 210 ml of ethanol and 100 ml of concentrated hydrochloric acid is 
prepared. While vigorous stirring is continued, the solution is cooled in an ice 
bath and, over a 2 hr period, a solution of 61.5 gm (0.891 mole) of sodium nit- 
rite in 100 ml of water is added dropwise. Stirring is continued overnight while 
the reaction mixture comes to room temperature. To isolate the product, the 
reaction mixture is poured into | liter of water and the resultant precipitate is 
collected on a filter. The crude product is thoroughly washed with water. Yield 
of crude product is 160 gm. 

By fractional recrystallization from acetone, 79.9 gm (51 %) ofa high-melting 
isomer, m.p. 139.5°-142.5°C and 31.7 gm (20%) of a low-melting isomer, 
m.p. 96.0°-98.0°C are isolated. On further crystallization, the higher-melting 
trans isomer was found to have a melting point of 140.0°-140.9°C, while the 
lower-melting cis isomer was found to have a melting point of 97.0°-98.0°C. 
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Syntheses of «,f-(vinyl nitrosamines or N-nitrosoenamines) and f,y- 
(allylic)-unsaturated N-nitrosoamines have recently been studied. The de- 
hydrohalogenation of alkyl(B-chloroethyl)nitrosamines with potassium hy- 
droxide in methanol tends to form nitrosoenamines. However, with longer 
B-chloroalkyl chains, allylic nitrosamines form. It turns out that there is an 
equilibrium between the allylic and vinylic isomers in which the allylic isomer 
is converted to the N-nitrosoenamine on heating. It was also found that solid 
potassium hydroxide in 18-crown-6-ether is an effective catalyst for these 
elimination reactions. The chloride is a relatively poor leaving group 
compared to a tosyloxy leaving group. A third method for preparing vinylic 
nitrosamines makes use of the acidity of the «-hydrogens of a nitrosamine 
itself. With lithium diisopropylamide-HMPA (4 equivalents) in THF, the «- 
carbanion forms. Reaction of this composition with phenylselenyl chloride at 
— 80°C leads to the formation of an a-phenylselenyl nitrosamine, which can 
be isolated after extraction of side products with 1M hydrochloric acid, 
drying the organic solution, and concentrating under reduced pressure. The 
selenium derivative is then oxidized with m-chloroperbenzoic acid to form 
phenyl selenoxides, which decompose spontaneously to generate «,f-unsatu- 
rated nitrosamines in good to excellent yields [52]. Reference [52] gives 
somewhat general directions for the use of these three procedures for 
generating N-nitrosoenamines. These compounds are reactive toward re- 
agents such as dialkylcopper lithium and enolate ions (nucleophilic reagents). 
They also participate in electrophilic reactions such as acid-catalyzed addi- 
tions. Since the nitroso group may be readily cleaved, it may be considered a 
protective group for secondary amines [24]. The preparation of 1-nitroso- 
1,2,3,4-tetrahydropyridine from  1-nitroso-1,2,3,6-tetrahydropyridine by 
base-catalyzed isomerization is a recent example of this process [53] (Eq. 10). 


iS) 
Ql. — A) O« 
‘s N N N 
ho NO 


| 
NO 


A number of N-nitrosamines can act as nitrosating agents of other 
secondary amines. Since, in the process, the original N-nitrosamine loses its 
nitroso group while the other reagent gains it, the process may be considered 
a trans-nitrosation. The compound N-nitroso-3-nitrocarbazole may be used 
to convert N-methylaniline to N-nitrosomethylaniline in benzene solu- 
tion. The reagent is particularly useful when an acid-free reaction system is 
required (e.g., when aziridine derivatives, which polymerize rapidly in acids, 
are to be nitrosated) [54]. 
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2-6. Preparation of N-Nitroso-N-methylaniline by trans-Nitrosation [54] 


NHCH, ON—N—CH, 
O,N O.N 
Coo — Cro: 
N 'N 
| H 
NO 
(659) 


With due safety precautions, in a 250-ml flask fitted with a reflux 
condenser, to a solution of 9.5 gm (39.4 mmole) of N-nitroso-3-nitrocarba- 
zole in 160 ml of dry benzene is added 2.16 gm (20.2 mmole) of N-methylani- 
line. The solution is heated under reflux for 20 min. The reaction mixture is 
cooled to room temperature and filtered. The solid formed is 3-nitrocarba- 
zole; m.p. 211°C, weight 4.0 gm. The filtrate is washed with 10% hydro- 
chloric acid to afford another 1.9 gm of 3-nitrocarbazole. The filtrate is again 
washed with 10% hydrochloric acid followed by a wash with 10% aqueous 
sodium hydroxide and repeated water washes. 

The washed benzene solution was concentrated on a rotary evaporator to 
leave a dark yellow oil and another 0.6 gm of 3-nitrocarbazole. The oil was 
distilled under reduced pressure through a semimicro distillation column, 
yielding 2.9 gm (55%) of N-nitroso-N-methylaniline, b.p. 83°-86°C/2 mm. 

Singer et al. [55, 56] have studied the transnitrosations extensively. They 
observed that many alicyclic nitrosamines, nitrosamino acids, nitrosamides, 
monoalkyl nitrosoureas, nitrosourethanes, N-alkylnitrosoguanidines, and 
trialkylnitrosoureas may act as transnitrosating agents at pH values of 1 to 3 
in the presence of nucleophilic catalysts such as thiocyanate ions. Aliphatic 
acyclic nitrosamines tend to be less reactive or nonreactive. In general it 
should be noted that whereas a given nitrosamine may be noncarcinogenic in 
animal tests, it may still transnitrosate other amines in vivo to produce 
harmful products [55]. 

A few miscellaneous methods for the preparation of N-nitrosoamines have 
been reported. For example, various oxides of nitrogen have been used to 
nitrosate secondary amines. Dinitrogen tetroxide (N2O,), prepared by passing 
nitrogen dioxide (NO2) and oxygen over phosphorus pentoxide into a trap at 
—80°C, has nitrosated secondary amines at low temperatures using methylene 
chloride dried with phosphorus pentoxide as the solvent. Dinitrogen tetroxide 
is also available from suppliers of reagent gases. It has been recommended that 
this reaction be carried out with the careful exclusion of oxygen, water, and 
carbon dioxide. Yields are reported to be generally quite good [30]. 

In view of the general applicability of dinitrogen tetroxide as a nitrosating 
agent for amides, the application of this reagent for reaction with other 
nitrogen compounds is strongly indicated. 
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Several patents exist on the use of mixtures of nitrogen dioxide (NO,) and 
nitric oxide (NO) as the reactant for the preparation of N-nitroso compounds 
of secondary amines, both in the liquid and in the vapor state, usually in a flow 
reactor [58, 59]. These reactions are not limited to dialkyl amines, as the 
earlier literature seems to indicate. Even aromatic compounds like diphenyl- 
amine evidently have been nitrosated with the mixed oxides of nitrogen. 

Nitrosonium tetrafluoroborate has been prepared from nitrosyl fluoride 
(NOF) and boron trifluoride in Freon-113. With this reagent, in a nitrometh- 
ane solution, pyridine was converted into N-nitrosopyridinium tetrafluoro- 
borate, m.p. 155°-158°C [60]. 

In the vapor phase, perfluoro-2-azopropene has been oxidized at high 
temperatures with oxygen using rubidium fluoride as a catalyst to produce 
N-nitrosobis(trifluoromethyl)amine, b.p. —3°C to —4°C [60a] (Eq. 12). 


fe} 
CF;N=CF, a (CF3),N—NO (40-60% (12) 
400°-600°C yields) 


Physical constants for some of the N-nitroso derivatives prepared by this 
method are given in Table I. 


C. N-Nitrosation of Tertiary Amines 


Contrary to common belief, tertiary aliphatic amines react with aqueous 
nitrous acid to undergo dealkylation to form a carbonyl compound, a 
secondary nitrosamine, and nitrous oxide [66]. Base-weakening groups 
markedly reduce nitrosative cleavage, and quaternization may prevent it 
completely. Several examples of this reaction are shown in Table II. 

Treatment of certain other tertiary aromatic amines with nitrous acid may 
lead to either C-nitroso compounds, nuclear nitro compounds, or N- 
nitrosamines with loss of an alkyl group. In the case of the nitrodimethylani- 
lines, the latter two types of reaction may occur. The formation of nitro-N- 
nitrosomethylanilines predominates at room temperature, whereas the for- 
mation of polynitro compounds predominates at more elevated tempera- 
tures. The formation of nitrosamines from N,N-dimethylanilines appears to 
be particularly favored when both ortho positions are occupied by nitro 
groups, although N-nitroso compounds were also obtainable from other 
nitrodimethylanilines. The product of the reaction, of course, is an N-nitroso 
secondary amine. 

The example in Preparation 2-7 is given here as one which affords a very 
good yield of the nitroso derivative without the formation of any other nitro 
compounds [61]. 


TABLE I 


PROPERTIES OF N-NITROSAMINES 


N-Nitroso Derivative of 


Piperidine 

Pyrolidine 

Di-n-butylamine 

Morpholine 

Dicyclohexylamine 

Diisopropylamine 

Methylaniline 

N-Hexylaniline 

N-Octylaniline 

N-Methyl-3-nitroaniline 

N-Methyl-4-nitroaniline 

N-Methy1-3,6-dinitroaniline 

N-Methyl-4-bromo-3-nitroaniline 

N-methyl-4-bromo-2-nitroaniline 

Camphidine 

N-Cyclohexyl-N’-phenyl-p-phenylenediamine 
(di-NO deriv.) 

N-B-Naphthyl-N -cyclohexyl-p-phenylene- 
diamine (di-NO deriv.) 

N-Phenyl-N’-cyclopentyl-p-phenylenediamine 
(di-NO deriv.) 

N-Phenyl-N’-isopropyl-p-phenylenediamine 
(di-NO deriv.) 

N-Phenyl-N’-propyl-p-phenylenediamine 
(di-NO deriv.) 

N-Phenyl-N’-isobutyl-p-phenylenediamine 
(di-NO deriv.) 

N-Phenyl-N’-sec-butyl-p-phenylenediamine 
(di-NO deriv.) 

N-Phenyl-N’-butyl-p-phenylenediamine 
(di-NO deriv.) 

N-Phenyl-N’-ethyl-p-phenylenediamine 
(di-NO deriv.) 

N-Pheny!l-N’-methyl-p-phenylenediamine 
(di-NO deriv.) 

N-Pheny!-N’-n-heptyl-p-phenylenediamine 
(di-NO deriv.) 

N-Benzylglycine (mono-NO deriv.) 

N-Benzyl-«-phenylglycinemono-NO-deriv.) 

N-(p-Chlorobenzy!‘)-a-phenylglycine 
(mono-NO deriv.) 

1,3,5-Hexahydrotriazine(tri-NO deriv.) 

3-Nitro-2,3-dehydropiperidine 
(mono-NO deriv.) 


B.p., °C 
(mm Hg) 


109 (24) 
99-100 (15) 
112-114 (13) 

110 (14) 


135-137 (13) 
127-130 (1.5) 


M.p. (°C) 


50 

77 

104 

128 

78 

73 
166.5-167 
114-116 


87 
64-65 
74-15 
105-106 
92-93 
57-58 
64-65 
94-95 
111-112 
69-70 
142.5-143 
120-123 
118-119.5 


105-106 
56-57 


63 
63 
63 


64 
(65) 


TABLE Ii 


NITROSATION OF TERTIARY AMINES IN AQUEOUS ACETIC ACID AT PH 4-5 [66] 


Tertiary amine Yield (%) Nitrosoamine Yield (%) | Carbonyl compound 
(C6HsCH2)3N 38 (CsHsCH2)2N—NO _ C,H;CHO 
(CoHsCH2)2N—CoHs—Cl(p) 60 (CéHsCH2)(p-CI—CgH4)N—NO 40 CsH;CHO 
(C6HsCH2)2N—CsH4—NO? (p) ae, po isc 

+ 

(CsHsCH2);NCH3NO3;- os = _ = 
Ce6HsCH2N(C2Hs)2 57.5 Cs6H;CH,N(C2H;5)NO 16 C;H;CHO 

I 
Se ee 38 CeHsCH(CH,)N(C;Hs)NO 3 CsHsCCH, 

I 

CsHsCH(COOCH,)N(C2Hs)2 57 CéHsCH(COOC;Hs)N(C2H;)NO 16.4 CsHsC—COOC}Hs 
Quinuclidine aA ee 


* The amine (0.1 mole) is dissolved in a buffered (pH 4-5) solution of 500 ml of 60% aqueous acetic acid and 68 gm of sodium acetate. The 
reaction mixture is warmed to 90°C. Then 69 gm (1.0 mole) of sodium nitrite dissolved in 100 ml of water is added dropwise over a 45 min period 
while heating at 90°C is continued. After the addition, the reaction mixture is heated for 2 hr, cooled, poured into 200 ml of cold water, and ex- 
tracted three times with 200 ml portions of ether. The ether was washed with 10% potassium carbonate solution until basic, then with saturated 
sodium chloride solution, dried, stripped, and distilled to obtain the products shown in the table. 
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2-7. Preparation of N-Methyl-N-nitroso-3 ,6-dinitroaniline [61] 


CH3;—N—CH3 CH;—N—NO 
NO fe) NO 
2 NaNO2 2 (13) 
NO, HCl NO, 


To a solution of 10 gm (0.0474 mole) of N,N-dimethyl-3,6-dinitroaniline in 
120 ml of hydrochloric acid diluted with 40 ml of water, with rapid stirring at 
room temperature, 20 ml of a 50% aqueous solution of sodium nitrite is 
added. The resulting reaction mixture is allowed to stand at room tempera- 
ture overnight. After the solution becomes deep yellow, the nitrosamine 
separates, often with the evolution of oxides of nitrogen. The product is 
collected on a filter, washed with cold water, and recrystallized from ethanol: 
yield 7.8 gm (73%), m.p. 128°C, orange needles or plates. 

A study of the stereoelectronic effects in the nitrosation of tertiary amines 
may be summarized by Eqs. (14), (15), and (16) [67]. 


at \x +HNO, —;— Og | + other products (14) 
NO, 


m.p. 71°72°C 


CHa Ph 
af \-n + HNO, erro at \-x—cu.r + PhCHO 
CH,—Ph Ps 
m.p. 55°C (15) 


JOH 
at Vn +HNO,. -HoAS, at \ nc, 
CH, | 


NO 


(16) 
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3. N-NITROSOAMIDES 


The nitrosation products of amides have been studied extensively. 

Aside from the explosive hazard of N-nitrosoamides, it has been observed 
that many N-nitroso compounds have a serious physiological effect on 
mucous membranes and on the skin. Apparently, this corrosive action is not 
observed in the case of N,N’-dimethyloxalamide [68, 69]. Even so, consider- 
ing that some N-nitroso compounds are reputed to be carcinogenic, due care 
should be exercised in the handling of all nitroso compounds. 

In general, it must be pointed out that, while many of the N-nitrosoamides 
have been distilled, this must be done with great caution and only in very 
small quantities because some of the products are subject to detonation on 
heating. The solid derivatives may also decompose explosively on melting 
[70, 71]. The thermal stability appears to be dependent on the structure of 
the parent amine. In the case of amides derived from aliphatic amines, the 
order of increasing stability appears to be: amides of tertiary carbinamines 
(R'R?R3C—NH,) > secondary carbinamines (R'R?CHNH,) > primary 
carbinamines (R—CH,NH,) [72]. 

The stability of N-nitroso derivatives of aromatic amines varies over a wide 
range. This variation appears to be related to the substituents on the aromatic 
nucleus. Nitrosoamides also may decompose photolytically, particularly in an 
acid medium [39]. 

Five methods for the nitrosation of amides will be mentioned here. Of 
these, the methods using dinitrogen tetroxide appears to have the widest 
applicability in terms of the classes of amides which can be nitrosated and the 
purity of the products obtained. However, the other methods also have special 
utility. 

Table III lists some of the physical properties of a representative series of 
N-nitroso-N-substituted amides. 


A. Nitrosation in Aqueous Media 


In an aqueous solution, water-soluble amides have been nitrosated in the 
presence of sodium nitrite on acidification with mineral acids. This procedure 
appears to be restricted to amides which are water-soluble. Amides derived 
from primary carbinamines may be prepared by this method. The reaction is 
somewhat slow, requires a large excess of sodium nitrite, evolves large 
quantities of nitric oxide and nitrogen dioxide, and generally is said to lead to 
somewhat impure products. It has the advantage, however, that the proce- 
dure can be carried out on a relatively large scale. The more recent literature 
mentions use of this procedure [71,72], but no experimental details have 
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TABLE III 


PROPERTIES OF N-NiTROSO-N-SUBSTITUTED AMIDES? 


B.p., °C 
Parent amide (mm Hg) M.p. (°C) Ref. 
n-Butylpropionamide 63-65 (6) _— 74 
n-Butylbutyramide 72-76 (7) — 74 
Isopentylpropionamide 63-65 (6) — 74 
Fumardianilide (dinitroso deriv.) — 121 dec., explosively 716 
Acetanilide — 50-51 dec. 77 
N-(p-Tolyl)acetamide _ 77-78 dec. dT 
N-(p-Bromophenyl)acetamide —_ 84-85 dec. 77 
N-(p-Chlorophenyl)acetamide — 79-80 dec. 77 
N-(p-Nitrophenyl)acetamide — 68-70 dec. 77 
Formanilide — 45-46 dec. 77 
Propionanilide — 53 dec. 77 
Butyranilide — 39 dec. 77 
Isobutyranilide —_ 35 dec. 77 
5-Acetamido-2-methoxypyridine — §1.5-52.5 dec. 78 
1-Methoxy-2-acetamidonaphthalene — 73 dec. 79 
2-Methoxy-1-acetamidonaphthalene a 86-88 dec. 79 
4-Methoxy-3-acetamidonaphthalene == Viscous oil 719 
N-n-Butylacetamide 125 (13) = 70 
N-Isobutylacetamide 125 (20) —_ 70 
N-sec-Butylacetamide 119 (18) — 70 
N-t-Butylacetamide — 99-100 70 
N-n-Butyl-3,5-dinitrobenzamide — 109-110 70 
N-Isobutyl-3,5-dinitrobenzamide — 161-162 70 
N-sec-Butyl-3,5-dinitrobenzamide — 173-174 70 
N-sec-Butylbenzamide — 95~96 70 
N-Cyclohexylacetamide — 106-107 70 
Ethyl N-cyclohexylcarbamate — 57-58 70 
N-a-Phenylethylacetamide — 78-91 70 
N-a-Phenylethylbenzamide = 57-58 dec. 80 
N,N’-Dimethyloxalamide — 68 dec. 68 
2,5-Diketopiperazine (dinitroso derivative) —_— 183 dec. 73 


* See text concerning potential hazards. 


been given for the treatment of linear amides. Procedure 4-1 gives details of 
this method as applied to the nitrosation of lactams. 


B. Nitrosation with Sodium Nitrite in Acetic Anhydride 


Since acetic acid and acetic anhydride mixtures are excellent solvents for 
amides derived from primary carbinamines and cyclohexylamines, N-nitroso 
derivatives can be prepared in this solvent medium with sodium nitrite. The 
method appears to be somewhat more rapid than that carried in an aqueous 
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medium, but fails when amides derived from secondary carbinamines are to be 
nitrosated. As the reaction medium is one which will also acetylate primary 
amines, appropriate amines may be dissolved in the reaction medium and, in 
turn, acetylated and nitrosated without the isolation of the intermediate amide. 

Instead of acetic acid as a component in the reaction medium, phosphoric 
acid has been substituted. This appears to have the advantage that smaller 
quantities of the oxides of nitrogen are evolved during the reaction. However, 
on occasion, only the acetylation reaction was observed rather than the nitro- 
sation [70]. 


3-1. General Preparation of N-Alkyl-N-nitrosoamides with Sodium Nitrite in 
Acetic Anhydride [70] 


fo) 
| NaNO2 | 
¢ i 
R—C-NHCHR cocoa R —CNCHR (18) 


NO 


In a well-ventilated hood with other safety precautions, to a solution of 
0.01 mole of an amide derived from a primary carbinamine or a cyclohexyl- 
amine in 10 ml of glacial acetic acid and 50 ml of acetic anhydride cooled to 
0°C, over a 5-hr period is added 15 gm (0.22 mole) of sodium nitrite. 

After maintaining the reaction mixture for 10 hr at 0°C, the reaction mixture 
is allowed to warm over a 30 min period to 10°-15°C. Then the product mixture 
is poured over a mixture of ice and water. After the ice has melted, the product 
is extracted with ether. The ether extract is washed in turn with water, a 5% 
aqueous solution of sodium carbonate, and again with water. Then the solu- 
tion is dried over anhydrous sodium sulfate. After removal of the solvent by 
evaporation under reduced pressure, a final purification of the nitrosoamide is 
accomplished either by very cautious distillation under reduced pressure at 
temperatures below 40°C, if a liquid, or by recrystallization from mixtures of 
ether and pentane. The yields are usually quite good. 


C. Nitrosation with Nitrogen Trioxide (N,O;) 


Nitrogen trioxide may be obtained by the acidification of an aqueous solu- 
tion of sodium nitrite or by the reduction of nitric acid. 

Since large amounts of nitric oxide and nitrogen dioxide are generated in the 
course of the reaction, usually a large excess of nitrogen trioxide has to be 
employed. This preparation has been carried out either in an ether solution or 
suspension of the appropriate amide or in a solution of acetic acid containing 
a small amount of acetic anhydrides to dissolve the amide completely 
[73-75]. 
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3-2. Preparation of N-Nitroso-N-n-propylacetamide [73] 


0 


N203 I 
CH,CO;H > CH; a CH2CH.CH; (19) 


NO 


I 
CH;—C—NH—CH,CH,CH; 


In a well-ventilated hood, with other safety precautions, to 20 gm 
(0.20 mole) of N-n-propylacetamide in 30 gm of glacial acetic acid, to which 
has been added a small quantity of acetic anhydride, cooled in an ice-salt 
bath, is added nitrogen trioxide in a generous stream in order to saturate the 
solution. 

The green solution is then cooled in a refrigerator for at least 12 hr. During 
this time the color of the solution changes to a shade of orange. 

To the reaction mixture is then added an equal volume of cold water. The 
resultant red oil is separated by decantation, washed repeatedly with water, 
and finally dried with sodium sulfate. After filtration, 23 gm of product is 
obtained (yield 90%). No physical constants for the product have been re- 
ported, presumably because of decomposition near the boiling point. 

While the O-amides are readily converted into the corresponding N-nitroso 
derivatives with nitrogen trioxide, the analogous thioamides undergo a com- 
plex series of reaction, which, depending on the exact reaction conditions, may 
lead to products with the elimination of either sulfur or the NO or N2. For 
example, n-butylthioacetamide, when treated with well-dried nitrogen tri- 
oxide at 0°C in ether solution, is converted in fairly good yields into N-nitroso- 
N-n-butylacetamide [75]. 


D. Nitrosation with Nitrosyl Chloride 


Nitrosyl chloride is a sufficiently powerful reagent to permit the formation of 
N-nitroso derivatives of amides from secondary carbinamines. In this regard 
the reagent differs markedly from those used in the first three methods men- 
tioned above. The use of the reagent is quite general and has even been 
employed to prepare dinitroso derivatives of such compounds as fumardi- 
anilide. 

On the other hand, nitrosyl bromide is ineffective. This may be attributed to 
the fact that the reagent is extensively dissociated to afford nitric oxide and 
molecular bromine. Furthermore, in the case of some amides, reaction with 
nitrosyl bromide results in the formation of complex crystalline compounds 
containing reactive bromine. 

The reaction is usually carried out in the presence of glacial acetic acid, acetic 
anhydride, and acetate salt as well as a small amount of phosphorus pentoxide 
[76-79]. The preparation of N,N’-dinitrosofumardianilide is an example of 
the procedures used. 


518 17. N-Nitroso Compounds 


3-3. Preparation of N,N’-Dinitrosofumardianilide [46] 
NOO 
| NOC! 
CsH;—NH--C—C—H —— > GH ;—N—-C—CH (20) 


oe ee eT 
O NO 


In a well-ventilated hood, with other safety precautions, behind an 
explosion shield, to a finely divided suspension of 2.6 gm (0.01 mole) of 
fumardianilide in 90 ml of glacial acetic acid, 30 ml of acetic anhydride, and 
also containing 8 gm of freshly fused potassium acetate and 2 gm of phos- 
phorus pentoxide, cooled to +7°C is added, slowly, with vigorous stirring, 
25 ml of a 20% solution of nitrosyl chloride (5 gm of nitrosyl chloride, 
0.08 mole) in acetic anhydride. After the addition has been completed, stirring 
is continued for 2 hr while the reaction temperature is maintained between 7° 
and 12°C. During this period, much of the suspended material dissolves. 

In the hood, behind the shield, the reaction mixture is then poured into 
500 ml of vigorously stirred ice water. The nitroso compound begins to sepa- 
rate as a fine, yellow precipitate. The product is removed by filtration and 
washed thoroughly with about | liter of cold water. After pressing the crystals 
dry, they are air-dried for 3 hr. Finally they are dried over calcium chloride 
in a desiccator: yield 2.4 gm (88 %), m.p. 121°C (decomposes explosively). 

In the nitrosation of benzylformamide-d, in acetic acid/acetic anhydride, 
with sodium nitrite, the resulting product contained significant quantities of 
N-nitroso-N-benzylacetamide along with the N-benzylformamide. When the 
reaction was carried out at —55° to — 60°C by the dropwise addition of a 
nitrosyl chloride solution in dichloromethane to a dispersion of benzylform- 
amide-d, in pyridine and dichloromethane, a 91% yield of the desired 
N-nitroso-N-benzylformamide-d, was isolated (ir:C—-D stretch at 
2190 cm~!, NO band at 1530 cm~') [81]. 

The N-nitroso bile acid conjugates N-nitrosotaurocholic acid and N- 
nitrosoglycocholic acid were prepared by treating the sodium salt of the 
former and the free acid of the latter in a solution of anhydrous sodium 
acetate in glacial acetic acid with a slow stream of nitrosyl chloride at 
10°-15°C for approximately 31 min. The reaction mixture was treated with 
methanol to form methyl nitrite with the excess nitrosyl chloride and from 
any steroidal nitrite esters which may have been present in the crude product. 
Methyl nitrite was removed by sparging with nitrogen. The final workup of 
these particular compounds is rather specific for these bile acid derivatives 
and beyond the general scope of this chapter. For details, the reader should 
consult the original literature [82]. 
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E. Nitrosation with Dinitrogen Tetroxide (N,O,) 


According to White [71], nitrosation involving the use of dinitrogen 
tetroxide (“nitrogen tetroxide”) represents the most general method of 
nitrosating amides. The method is quite rapid, yields are high, and purity of 
products is excellent. Since nitric acid is a coproduct of the reaction, the 
normal procedure involves the use of an excess of anhydrous sodium acetate 
as a base. If the base is not added, dinitrosation takes place. 

Dinitrogen tetroxide is available from suppliers of reagent gases. It is a 
poisonous gas and should only be handled in a well-ventilated hood. Since its 
boiling point is 21°C, the cylinder in which the material is supplied may be 
cooled to 0°C and the cold liquefied dinitrogen tetroxide may be poured into the 
desired cold solvent. Usually the solvent is kept at —20°C. The density of dini- 
trogen tetroxide at 0°C is 1.5 gm/ml [80]. 


3-4. General Procedure for Nitrosation of Amides with Dinitrogen Tetroxide 
[70, 71] 


| N204 | 
R—NH—C—R’ ———>» R—N—C—R’ (21) 
NaOCOCH3 | 


NO 


In a well-ventilated hood, behind an explosion shield, to a solution of 0.015 
mole of dinitrogen tetroxide (nitrogen tetroxide) in either carbon tetrachloride 
or acetic acid at —60°C is added 0.03 mole of anhydrous sodium acetate. The 
mixture is warmed to 0°C and, with vigorous stirring, 0.01 mole of the amide 
is added. After stirring at 0°C for 10-20 min, the mixture is poured into an 
excess of a slurry of water and ice. 

The workup of the final product is similar to that outlined in Procedure 3-1, 
i.e., extraction of the product with ether followed by a wash with cold water, 
aqueous 5% sodium carbonate solution, and water followed by drying with 
anhydrous sodium sulfate. The solvent then is removed under reduced pressure 
and, depending on the properties of the final product, purification is accomp- 
lished either by distillation under reduced pressure at temperatures below 40°C 
or by recrystallization from an ether—pentane mixture. In the case of unstable 
nitrosoamides, these operations have to be carried out at 0°C. 


N,N’-Dimethyloxalamide has been nitrosated with dinitrogen tetroxide in 
75% yield by a procedure similar to the one just outlined. The nitrosation 
was also carried out with nitrogen trioxide with similar results when carbon 
tetrachloride was the solvent. However, when acetic anhydride was the solvent, 
the yield dropped to 32% [68]. 
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When the higher N,N’-dialkyloxalamides were nitrosated with dinitrogen 
tetroxide, the resultant nitroso compounds were found to be red oils which 
tended to decompose when attempts were made to distill them. These com- 
pounds were, apparently, reasonably stable when stored in the cold in dark 
bottles. 

N,N’-trimethylenebisbenzamide was nitrosated with dinitrogen tetroxide- 
acetic acid-acetic anhydride to give a 95% yield of N,N’-trimethylenebis- 
(N-nitrosobenzamide) [69]. 

N-(2-Chloroethyl)-N-nitrosoacetamide has been prepared by nitrosating 
N-(2-chloroethyl)acetamide in ether in the presence of sodium bicarbonate 
by the dropwise addition of an ethereal solution of dinitrogen tetroxide. The 
product was a dark yellow oil; yield: 66%. ir: (—O) 1510 cm™! [83]. 

The method of White [70, 71] (Preparations 3-4) has been used recently to 
prepare a large series of N-nitrosoamides. In these papers, NO, was used 
instead of N,O,4. This gas was generated by the dropwise addition of 
concentrated nitric acid to copper wire. The products were only characterized 
by NMR and ir data [84]. 


4. N-NITROSOLACTAMS 


A few lactams have been nitrosated by procedures similar to those used for 
the nitrosation of linear amides. For example, ¢-caprolactam has been 
nitrosated with aqueous sodium nitrite and mineral acid [73]. 2-Pyrrolidone 
has been nitrosated with dinitrogen tetroxide [85]. 


4-1. Preparation of N-Nitroso-€-caprolactam [73] 


CH, CH> 
ZOOS 
CH, CH2 NaNO, CH, CH, 
— | | (22) 
CH, C=O Hcl CH: C=O 
\n7 N”% 
| 


ti No 


In a well-ventilated hood, and with other safety precautions, to a vigor- 
ously stirred solution of 11.3 gm (0.1 mole) of ¢e-caprolactam and 23 gm 
(0.3 mole) of technical grade sodium nitrite in 50 ml of water, cooled in an ice- 
salt bath, is added dropwise 25 ml of concentrated hydrochloric acid at such a 
rate that the temperature never exceeds — 10°C. The reaction mixture is then 
cooled in a refrigerator for 2 hr. Impurities are rapidly removed by filtration 
and the product is extracted with ether. 
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The ether extract is washed in turn with an ice-cold sodium bicarbonate 
solution and with ice water until the aqueous washes are neutral. The ether 
solution is dried over calcium chloride for 1 hr in a refrigerator. 

After filtration, the ether is evaporated under reduced pressure without 
application of heat. The residue is cooled to —70°C, taken up in cold ether, and 
precipitated with cold petroleum ether. Yield 5.5 gm (35%), m.p. 11°C. 


By a similar procedure, N,N’-dinitroso-2,5-diketopiperazine was also pre- 
pared [73]. 

The nitrosation of 2-pyrrolidone with dinitrogen tetroxide is said to be 
capricious, particularly when attempted for the first time. The problems 
appear to occur during the carbonate washing, but solutions for the problem 
have not been worked out. Furthermore, the nitroso product may detonate 
when distillation is attempted. Therefore the product is used without purifica- 
tion [85]. 


4-2. Preparations of N-Nitroso-2-pyrrolidone [85] 


Chi CH, N204 CHz— CH, 


Cc. _ CH, C= 23 
Sh C=O Bone (23) 
H NO 


CAUTION: Capricious reaction, product may detonate. 

In a well-ventilated hood, and with extreme precautions, to a rapidly stirred 
mixture of 50.2 gm (0.546 mole) of dinitrogen tetroxide and 123 gm (1.5 mole) 
of anhydrous sodium acetate in 150 ml of carbon tetrachloride prepared at 
Dry Ice temperature is added, over a 1 hr period, a solution of 46.5 gm 
(0.545 mole) of 2-pyrrolidone in 50 mi of methylene chloride while maintain- 
ing a temperature of —60°C. The reaction mixture is allowed to stand at 
— 60°C for 1 hr, followed by 3 hr at — 20°C (color change from blue to green 
to yellow observed). Then the mixture is cooled to — 30°C. With precautions 
(see text above) the mixture is treated with a solution of 138 gm (1 mole) of 
potassium carbonate in 150 ml of water while the temperature is maintained 
at —20°C. 

The water layer is separated from the organic layer. The aqueous layer is 
extracted several times with methylene chloride. The extracts are combined 
with the organic layer. 

After drying of the organic layer over anhydrous sodium sulfate and 
filtering, the solvent is cautiously evaporated. The product is a deep-red oil; 
yield 31.6-34.2 gm (85-93 %); the boiling point has been reported to be 86°C 
(0.3 mm) (susceptible to detonation). 
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5. N-NITROSOSULFONAMIDES 


In the preparation of diazomethane, p-tolylsulfonylmethylnitrosoamide 
has been suggested as an intermediate. The preparation of this compound has 
been well described [86, 87]. The general method of preparation resembles 
that of other amides. 

Another example, using an acetic acid-acetic anhydride solution with 
sodium nitrite, is the preparation of N-nitroso-N-benzyl-p-toluenesulfon- 
amide [88]. This nitrosoamide (Preparation 7-1) is said to be quite stable at 
room temperature. 


5-1. Preparation of N-Nitroso-N-benzyl-p-toluenesulfonamide [88] 


CH; SO,NHCH, gos 2h 
CH3CO2H, (CH3CO)20 
NO 


In a well-ventilated hood, behind a safety shield, in a three-necked flask 
equipped with a mechanical stirrer, thermometer, and provisions for adding 
solids, to a solution of 10.5 gm (0.04 mole) of N-benzyl-p-toluenesulfonamide 
in 50 ml of glacial acetic acid and 200 ml of acetic anhydride, cooled to 5°C, is 
added, over 6 hr, in small portions, 60 gm (0.85 mole) of finely powdered 
sodium nitrite. During this addition period the temperature is kept below 10°C 
at all times. After the addition has been completed, the green reaction mixture 
is stirred overnight. Then the mixture is poured, with vigorous stirring, into a 
large volume of ice water. The resultant mixture is then cooled for | hrin an ice 
bath. The crude product is filtered, washed several times with cold water, and 
dried under reduced pressure. After recrystallization from ethanol, the yield is 
9.4 gm (81%), m.p. 90°-92°C. 

N-Nitrosotoluenesulfonamides may also be prepared by using the dinitro- 
gen tetroxide method, such as Procedure 3-4. N-Nitroso-p-toluenesulfon- 
amide has been prepared by this method from the corresponding 
toluenesulfonamide [83]. 


6. N-NITROSOUREAS AND N-NITROSOTHIOUREAS 
Substituted ureas have been nitrosated in aqueous systems to obtain 


intermediates for the preparation of diazoalkanes [89, 90]. The base-induced 
decomposition of N-nitroso-N-(2,2-diphenylcyclopropyl) urea has been stud- 
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ied [91], and a series of 1,3-bis(2-chloroethyl)-1-nitrosoureas and 1,5-bis(2- 
chloroethyl)-1-nitrosobiurets have been studied as potential anticancer 
agents [92]. 

The nitrosation in the presence of sodium nitrite and mineral acid 
resembles the analogous procedure for the nitrosation of amides and has 
been well detailed [89, 90]. 

While both N-nitrosomethylurea (m.p. 123°-124°C dec.) and N-nitroso-N- 
n-propylurea (m.p. 76.0°-76.5°C dec.) are readily prepared, nitrosation of N- 
isopropylurea even at — 15°C resulted in the rapid evolution of gases [90]. 

To prepare nitrosoureas in which the oxygen of the NO group is labeled 
with an '®O, sodium (0.46 gm-atoms) and 3 ml of 99% H48O were reacted. 
By addition of 10 mmole of nitrosonium tetrafluoroborate at 0°C, NaN!8O, 
was prepared in solution. The addition of a solution of hydrogen chloride in 
ether formed a mixture from which [!8&O)]nitrosyl chloride could be isolated 
for reaction with substituted ureas [93]. 

The preparation of N-(n-butyl)-N’,N’-dimethyl-N-nitrosourea is an exam- 
ple of the nitrosation of a trialkylurea which is generally applicable [94]. 


6-1. Preparation of N-(n-Butyl)-N ,N'-dimethyl-N-nitrosourea [94] 


Oo 
i NaOAc i 
Cg ne Benne aOR CVNet (25) 
22 
CH, NO CH, 


In a hood, with suitable safety precautions, to a stirred slurry of 2.5 gm 
(30 mmole) of powdered anhydrous sodium acetate and 2 ml (65 mmole) of 
dinitrogen tetroxide in 20 ml of methylene chloride maintained at — 40°C is 
added a solution of 774 mg (5.4 mmole) of N-(n-butyl)-N’,N’-dimethylurea in 
10 ml of methylene chloride. The solution is warmed to 0°C and stirred for 
35 min. The mixture is then poured into approximately 25 gm of crushed ice. 
The organic layer is separated and preserved; the aqueous layer is extracted 
twice with 25-ml portions of methylene chloride. The organic layers are 
combined, washed in turn with 25 ml of cold water, two 25-ml portions of 
cold 5% aqueous sodium bicarbonate, and two 25-ml portions of cold water. 
After drying with sodium sulfate, the solvent is removed on a rotary 
evaporator. The residue is a yellow oil weighing 943 mg. Upon distillation in 
a micro still with a pot temperature of 80°C at 0.1 mm, 156 mg of a pale 
yellow oil is isolated. Yield: 17%. Infrared (thin film): 1700, 1400 cm7?. 

By a similar procedure, N’,N’-dimethyl-N-(1-norbornyl)urea was nitro- 
sated. The product, N-(1-norbornyl-N’,N’-dimethyl-N-nitrosourea was re- 
ported to have a melting point of 35.5°-36.5°C(dec.). Infrared (in CHCI,) 
1705, 1406 cm~! [94]. 
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A urea which was nitrosated in 98% formic acid at 0°C with sodium 
nitrite was 1-[2-(2-chloroethoxy)ethyl]-3,3-cyclohexylurea. The yield of the 
nitrosourea was 54%; ir (CHCI;): 3400 (NH), 1700 (C=O), 1520 
(N=O) cm! [83]. 

The nitrosation of thioureas is difficult because the sulfur of the thioureas 
may be more readily attacked by a nucleophile such as NO* than the 
nitrogen. Evidently in hydrochloric acid the formation of unprotonated 
nitrous acid and N,O, is favored. These species favor electrophilic attack on 
the nitrogen of thioureas. The products are sensitive to heat, light, and 
atmospheric oxygen [95~97]. 


6-2. General Procedure for the Preparation of N-Nitrosothioureas [95] 


s S 
ll NaNO2/HCI i 
R—NHCNH-R ————> Rho Nae (26) 
NO 
TABLE IV 


PROPERTIES OF N-NITROSOTHIOUREAS 


Yield M.p. 
Parent thiourea (%) (eC) Ref. 
1,3-Dimethyl 90 46 95 
1,3-Diethyl 68 An oil 95 
1,3-Dipropyl 77 An oil 95 
1,3-Bis(2-methoxyethyl) 67 An oil 95 
1,3-Bis(2-fluoroethyl) 70 23 95 
3-Cyclohexyl-1-methy] 90 35—36 95 
3-Cyclohexyl-1-ethyl 93 42 95 
3-Cyclohexyl-!-propyl 68 22-23 95 
3-Cyclohexyl-1-(2-methoxyethyl) 65 An oil 95 
3-Cyclohexyl-1-(2-fluoroethyl) 60 51-52 95 
3-Cyclohexyl-1-(2-hydroxyethyl) 65 53-57 95 
More complex nitroso components 
1,3-Dimethy]-1-nitroso-[!°N]thiourea-!3C 68 95 
3-Nitrosoimidazoline-2-thione 96 
1-(2'-Hydroxyethyl)-3-nitrosoimidazoline-2-thione 85 135 96 
'S_N-labeled thioureas are described in 96 
3-(2-Hydroxyethyl)-3-methyl-1- 61 Heavy oil 97 
propyl-1-nitrosothiourea 
3-Cyclohexyl-1-(2,2-dideuterio-2- 70 55 97 


hydroxyethyl-1-nitrosothiourea 
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With suitable safety precautions, under a nitrogen atmosphere, to a 
suspension of 20-50 mmole of the thiourea and 20-50 mmole of sodium 
nitrite in 200-400 m1 of methylene chloride, with cooling to between — 10° 
and —5°C, with mechanical stirring is added dropwise over a 1 hr period 
200-500 ml of 0.07 to 0.1 N aqueous hydrochloric acid. Upon completion of 
the addition, the reaction mixture is warmed to 5°C with stirring. The organic 
layer is separated, washed with water, and dried with sodium sulfate. After 
filtration, the solvent is removed on a rotary evaporator. The residue is 
crystallized from petroleum or by chromatography over Florisil. 

Table IV lists the properties of a number of N-nitrosothioureas. 


7. N-NITROSO-N-ALKYLURETHANES (ALKYL 
N-NITROSO-N-ALKYLCARBAMATES) 


A warning has been published for insertion in Organic Syntheses in 
connection with the preparation of N-nitrosomethylurethane (b.p. 59°-61°C, 
10 mm Hg) to the effect that the compound has been found to be a potent 
carcinogen [98]. Consequently, we also must caution the reader about this 
specific compound and suggest that other N-nitrosourethanes also be 
handled with extreme caution. These compounds also act as skin irritants 
[98, 99]. 

The method of preparation given by Hartman and Phillips [98] involves 
nitrosation with sodium nitrite and ice-cooled nitric acid as the acid. The 
method has been adopted by other workers for related derivatives [99, 100]. 

Carbamates have also been nitrosated with “nitrous fumes” in ether 
solution [101] and with aqueous sodium nitrite in acetic acid [102]. 

Suspensions of sodium bicarbonate in ether containing carbamates have 
been nitrosated with dinitrogen tetroxide at — 30°C [83, 103]. 


8. N-NITROSO-2-OXAZOLIDONES 


A series of 2-oxazolidones of the general structure (V) has been nitrosated. 


Ri 

ay =O, 
a \ 

n| 7° 
C——N 
7 4 

R H 

(V) 


by one of two methods [104]. 
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If the 2-oxazolidones were sufficiently soluble in cold dilute hydrochloric 
acid, such solutions were treated directly with sodium nitrite solutions. 
Slightly soluble 2-oxazolidones were nitrosated in pyridine solution with 
nitrosyl chloride. 

The nitroso derivatives are generally reasonably stable, except the parent 
compound of the series, 3-nitroso-2-oxazolidone (m.p. 50°-53°C dec.) and 
5-phenyl-3-nitroso-2-oxazolidone (m.p. 76.5°-77.5°C dec.), both of which 
are considered dangerous materials. Probably other unstable members of this 
class of compounds exist. 


8-1. Preparation of 3-Nitroso-5,5-diphenyl-2-oxazolidone [104] 


CsH < C.H a 
C—O a 
i \ NOCI “| N\ 
CeHs C=O ——> GHs C=O (27) 
/ CsHsN / 
CH;N ae 
H NO 


In a well-ventilated hood, to a vigorously stirred dispersion of 29 gm (0.12 
mole) of 5,5-diphenyl-2-oxazolidone in 200 ml of dried pyridine maintained 


TABLE V 
PROPERTIES OF 3-NITROSO-2-OXAZOLIDONES [56] 
R! 
‘c 6) 
7\5 IN 
R? 2C=0 
RA : [104] 
| ae 
R* NO 
Substituents M.p. (°C) 
None* 50-53? 
5-Cyclopenty] 82.8-83.2 
5-Cyclohexyl 82.6-83.5 
5,5-Dimethy] 87.7-89.8 
5,5-Diethyl 3 (b.p. 106°-107°C, 1 mm Hg) 
5-Phenyl? 76.5-77.5(d)? 
5-Pheny]-5-methy] 116.5-117.4 
5,5-Dipheny] 107.5-108.5 
4,5,5-Triphenyl 115.8-117.5 
4,5-Dipheny] erythro isomer 115.2-117.5 
4,5-Dipheny] threo isomer 106.5-108.0 


* Hazardous chemical; ignites spontaneously. 
> Hazardous chemical; decomposes quite rapidly at room temperature. 


§ 10. 1-Nitroso-3-nitroguanidines $27 


between 10° and 15°C is added, over a 20-min period, 28 ml of a solution of 
4.8 N nitrosyl chloride (0.13 mole) in acetic anhydride. Stirring is continued for 
an additional 5 min. Then the deep-red mixture is poured into a stirred slurry 
of 250 gm of ice and water. 

The yellow solid product is separated by filtration, washed with ice water, 
and dried under reduced pressure over concentrated sulfuric acid. The product 
is recrystallized from a benzene-petroleum ether (b.p. range 95°-100°C) 
mixture: yield 29 gm (92%), m.p. 107.5°-108.5°C. 

Table V gives the properties of a representative series of 3-nitroso-2- 
oxazolidones. 


9. N-NITROSO-1,3-OXA ZOLIDINES 


The oxazolidines are numbered as shown in structure VI: 


3 ? 
x 
4 3 
N 


(VD 


The N-nitrosooxazolidines have been formed by heating ethanolamine 
with sodium nitrite in acid solutions. If no further aldehyde is added, some of 
the free ethanolamine is deaminated to form acetaldehyde, which reacts in 
the system to produce N-nitroso-2-methyl-1,3-oxazolidine in 10-27% yield, 
bp. 81°C/0.5mm Hg. From 2-amino-2-methyl-1-propanol, N-nitroso-2- 
isopropyl-4,4-dimethyl-1,3-oxazolidine if formed in a 12% yield, b.p. 45°C/ 
0.2 mm Hg. 

Treatment of 1-amino-2-propanol with propionaldehyde in acetic acid 
with sodium nitrite led to a 56% yield of N-nitroso-2-ethyl-5-methyl-1,3- 
oxazolidine, b.p. 44°-45°C/0.25 mm Hg, as a mixture of cis and trans isomers 
(with respect to the 5-methyl and 2-ethyl groups) which are exclusively the E 
rotamer with respect to the 2-hydrogen and the nitroso oxygen. Treatment of 
l-amino-2-propanol and acetone with acetic acid and sodium nitrite 
led to N-nitroso-2,2,5-trimethyl-1,3-oxazolidine in 11% yield, b.p. 64°C 
(0.2 mm Hg) [26]. 


10. 1-NITROSO-3-NITROGUANIDINES 
The 1-alkyl-1-nitroso-3-nitroguanidines (structure VII) have been sug- 


gested as intermediates for the preparation of diazoalkanes [105]. While a 
variety of 1-alkyl-3-nitroguanidines have been prepared successfully, of these, 
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the 1-isopropyl and the 1-cyclohexyl derivatives could not be nitrosated 
successfully. Evidently any nitroguanidine with a secondary carbon attached 
to the amino group could not be nitrosated under the usual reaction 
conditions. 


R—N——C—NHNO, 


NO NH 
(VII) 


It was observed that the nitroso-nitroguanidines may cause skin irritation. 
The higher alkylnitrosonitroguanidines are particularly noxious. The prepara- 
tion of 1-benzyl-1-nitroso-3-nitroguanidine is typical of the techniques used. 


10-1. Preparation of 1-Benzyl-1-nitroso-3-nitroguanidine [105] 
NH 


NH 
l NaNO, I 
'H,—NH—C—NHNO, Sar wee oop (28) 


NO 


In a well-ventilated hood, behind a safety shield, with equipment protective 
against skin irritation, a solution of 10 gm (0.0516 mole) of benzylnitroguani- 
dine in 165 ml of concentrated nitric acid is diluted with 100 ml of water. To 
the solution, cooled to 14°C, is added slowly a solution of 7.12 gm (0.103 mole) 
of sodium nitrite in 20 ml of water. 

The yellow precipitate is separated by filtration and washed with cold water 
until the aqueous washes are nearly neutral: crude yield 7.9 gm (69%), m.p. 
114.5°-115°C. On recrystallization from methanol, the melting point is raised 
to 117.5°-118°C. 


The melting point of 1-7-propyl-1-nitroso-3-nitroguanidine, prepared by a 
similar technique, is reported to be 118°C. 

N-(2-Chloroethyl-N’-nitro-N-nitrosoguanidine was prepared in 61% 
yield, m.p. 94°-96°C [84]. 


11. N-NITROSOHYDRAZINE DERIVATIVES 


There appears to have been no systematic study of the nitrosation of 
substituted hydrazines. Work at the beginning of the century indicated that 
the nitrosation of primary hydrazines may result in the intermediate forma- 
tion of nitroso compounds, but that these compounds subsequently react 
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further, in the presence of nitrous acid, to give a variety of products. 1-Benzyl- 
1-nitrosohydrazine evidently has been prepared and subsequently benzoyl- 
ated. The resultant N-nitrosohydrazide apparently is reasonably stable 
[100]. More recently, N-nitroso-N-alkylhydrazides have been prepared by 
the ring cleavage of compounds such as N-benzamidopiperidine and N- 
benzamidopyrrolidine. This method, however, does not appear to have very 
general applicability. Using the sodium nitrite-hydrochloric acid method of 
nitrosation, a series of 1-nitroso-1-alkyl-2-guanylhydrazines and 1-nitroso-1- 
alkyl-2-carbamyl-hydrazines has been prepared and characterized [108]. 


12. N-NITROSOKETIMINES 


In cold carbon tetrachloride, a number of ketimines have been nitrosated 
with nitrosyl chloride. The N-nitrosoketimines exhibit varying degrees of 
stability. This stability is enhanced in the case of N-nitrosobenzophenonimines 
by electron-withdrawing substituents on the benzene ring and by the presence 
of bulky substituents on the ketimine carbon atom. Unhindered N-nitroso- 
ketimines may decompose at room temperature or even below. This observa- 
tion is considered to be consistent with a low activation energy for the decom- 
position and a substantial contribution of the 1,4-dipolar structure VIII, to 
the ground state. Structures VIII, IX and X represent possible resonance 
structures of the N-nitrosoketimines [109]. 


R~N RY + - RY + = 
C=N—N=O <—> C=N=N—O <——> C—N=N—O 
R” R~ RY 


(VII) (IX) (X) 


Preparation 12-1 gives a general procedure for the preparation of N- 
nitrosoketimines. This method was also used in [110] for the preparation of 
N-nitrosobenzophenoneimine and N-nitroso-2-camphanimine. 


12-1. General Preparation of N-Nitrosoketimines [109] 


R ~ NOCI Rw. 
C=NH ——-_—_——>> nals 
RR’ NaOCOCH;, CCl aa (29) 


In a well-ventilated hood, behind a safety shield, a suspension of 14.8 gm 
(0.145 mole) of anhydrous sodium acetate and 40 ml of dry carbon tetrachloride 
is cooled to below —10°C in a Dry Ice-acetone bath. With vigorous stirring, 
4.00 gm (60 mmoles) of nitrosyl chloride is added. When the mixture has 
reached —10°C or lower, with vigorous stirring a solution of 40 mmole of the 
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TABLE VI 
PROPERTIES OF N-NITROSOKETIMINES [113] 
R 
~c=NNO fii] 
R R’ M.p. (°C) dec. Color 

o-Tolyl Isopropyl Oil Red 
t-Butyl o-Tolyl Oil Red 
Phenyl Phenyl 50-53 Blue 
p-Chlorophenyl p-Chlorophenyl 61-63 Blue 
p-Tolyl o-Tolyl 43 Purple 
p-Chloropheny! o-Chlorophenyl 69-71 Purple 


ketimine in 10 ml (or more if necessary) of dry carbon tetrachloride, which 
has previously been cooled to —10°C, is added at such a rate that the internal 
temperature in the apparatus is maintained at —7°C or below. Stirring of the 
dark reaction mixture is continued for 20 min at —10°C. 

Then 100 ml of an ice-cold 10% aqueous potassium bicarbonate solution is 
added quickly and the aqueous layer is drawn off. The product solution layer 
is washed with 200 ml of ice water. The carbon tetrachloride solution is dried 
with anhydrous magnesium sulfate and filtered. The solvent is evaporated 
under reduced pressure, and the residual dark-colored oil is dissolved in 10 ml 
of anhydrous ether and cooled to —68°C in a Dry Ice Bath. If a solid forms, it 
is recrystallized from petroleum ether, which may be warmed to 0°C to effect 
dissolution followed by cooling to Dry Ice temperatures for precipitation of 
the purified product. 


The N-nitrosoketimines which were formed as red oils in the cited report 
decomposed when attempts were made to purify them either by vacuum distil- 
lation or by chromatography on silica gel. 

Table VI lists properties of some N-nitrosoketimines. 


13. N-NITROSOHYDROXYLAMINES 


The nitrosation of N-substituted hydroxylamines affords an interesting 
series of compounds, the N-alkylnitrosohydroxylamines (structure XI). 
R—N—O—H 
N=O 
(x1) 
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As we may anticipate, a molecule with two nitrogens attached to each other, 
and each also part of a nitrogen-oxygen bond system, leads to interesting 
theoretical and structural problems. The hydrogen of the hydroxyl group is 
acidic in nature. On treatment with bases, N-nitrosohydroxylamines are 
converted into salts whose electronic configuration does not conform to 
classical structures. The resonance structures of these salts is frequently given 
as shown in structure (XII). Because they are chelating agents, these salts 
have been used as precipitants of metals in inorganic analysis. The best 
known reagent of this class is N-nitroso-B-phenylhydroxylamine, ammonium 
salt, cupferron. 


The mechanism and kinetics of nitrosation of hydroxylamines have been 
discussed [112-114]. 

Recently, O-alkyl-substituted hydroxylamine derivatives have also been 
N-nitrosated to give unstable products (see Preparation 13-1). 

The nitrosation of B-phenylhydroxylamine is typical of the procedures 
used in the nitrosation of hydroxylamines. The reaction is carried out in ether 
in the presence of a large exess of gaseous ammonia at 0°C. The nitrosation 
itself is carried out with either pentyl nitrite [115] on butyl nitrite [67]. The 
reaction must be carried out at low temperatures. Benzene may be substi- 
tuted for ether as the solvent. While it is possible to add the nitrosating agent 
all at once when relatively small amounts of hydroxylamine are to be 
nitrosated, when a large-scale preparation is to be carried out it is preferable 
that the nitrosating agent be added gradually and that good control of the 
reaction temperature be maintained. The method of preparation using butyl 
nitrite is well described by Marvel [116]. 

More recently, the chemistry of acetylated O-alkylated N-nitrosohydroxyl- 
amine derivatives has been studied. For example, N-acetyl-N-nitroso-O-t- 
butylhydroxylamine has been prepared by the low-temperature nitrosation of 
the corresponding N-acetyl-O-t-butylhydroxylamine with nitrosyl chloride 
(117, 118] (Preparation 13-1). 


13-1. Preparation of N-Acetyl-N-nitroso-O-t-butylhydroxylamine [118] 


NOCI I 
CH;—C—NH—O—C(CH;);. ——> OG=¢-N-0-0GH)), (30) 
NO 
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In a well-ventilated hood, behind a safety shield, to a stirred solution-of 
523.6 mg (4.00 mmoles) of N-acetyl-O-t-butylhydroxylamine and 0.48 ml of 
dry pyridine in 6 ml of carbon tetrachloride, cooled to —10°C, is added drop- 
wise a saturated solution of nitrosyl chloride in 12 ml of carbon tetrachloride. 
After addition of the nitrosating agent has been completed, the reaction mix- 
ture is stirred for an additional hour at —10°C. Then, while maintaining the 
system at 0°C, the reaction mixture is washed in turn with 25 ml portions of 
water, a 10% aqueous solution of hydrochloric acid, a 10% solution of sodium 
bicarbonate solution, and finally with water again. The organic layer is sepa- 
rated and dried over anhydrous magnesium sulfate. 

After filtration of the reaction mixture, the concentration of the nitrosated 
product in the solvent is estimated by NMR, using dioxane as an internal 
standard. Because of the extreme instability of the nitrosated product, it is 
never isolated and the solution is always kept as cold as possible. At —20°C, 
dilute solutions evidently are reasonably stable. Concentrated solutions, on 
the other hand, explode on warming to room temperature. 

N-Nitroso-N’-benzylhydroxylamine has been prepared by treating N- 
benzylhydroxylamine hydrochloride in ether with aqueous sodium nitrite at 
0°-3°C. Yield 76%; m.p. 75°-77°C. This compound may be converted to its 
sodium salt by treating its ethanolic solution with sodium ethoxide, m.p. 
238°-239°C [63]. 


14. MISCELLANEOUS PREPARATIONS 


(1) Preparation of 3,3’-bis-N-(2-chloroethyl)-N-nitrosocarbamoyl propyl 
disulfide [83]. 

(2) Preparation of 2-chloroethyl-2-(3-cyclohexyl-1-nitrosoureido)ethyl 
sulfoxide [83]. 
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Acetophenone 
N-Arylketimine formation, 305 
a-Halogenated ketimine formation, 308 
imine formation with aniline, 305 
Acetophenone oxime, reduction to imine, 314 
2-Acetox yisopropylazobenzene, 401 
Acetyl azide see Acyl azides 
1-Acetyl-1-methyl-4-phenylsemicarbazide, 222 
Acid azides, see Acyl azides 
Acyl azides, 330-333 
aliphatic, 330 
biochemical applications, 341 
preparation of aromatic, 331 
Acylthydrazines, 
oxidation with t-butyl hypochlorite, 406 
oxidation with lead tetraacetate, 406 
N-Acetyl-N-nitroso-O-t-butylhydroxylamine, 
531-532 
Active methylene compounds, nitrosation, 
457, 467-469 
Adrenocorticotropic hormone, coupling to 
bovine serum albumine, 308 
Aldehyde ammonias, 308 
Aldimine, see Imines 
Aldol condensation, of azidoacetophenones, 
327 
Aliphatic amines, 
oxidation with peracids, 458 
reactions with nitrous acid, 460 
Aliphatic azoxy compounds, properties, 450— 
451 
Aliphatic-aromatic azoxy compounds, proper- 
ties, 450-451 
Aliphatic secondary nitroso compounds, 483 
Alkoxynitrobenzenes, reduction of, 428 
Alkylammonium nitrite salts, 501-502 
O-Alkylated-N-nitrosohydroxylamines, 531 
Alkyllithium, reaction with N-nitroso-O,N-di- 
alkyl-hydroxylamines, 425 
N-Alkyl-N-nitrosamides, synthesis with sodium 
nitrite in acetic anhydride, 516 
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N-Alkylnitroso hydroxylamine, 530-532 
t-Alkyl primary amines, peracid oxidation of, 
483 
Allene dipropargyl phosphonate, 32 
Allenes, 1-47, see also names of specific 
allenes, 1,2-Dienes 
cyclic allenes, 4-9 
from gem-dihalocyclopropanes, 2-7 
uses, | 
optical isomers, | 
by rearrangement reactions, 13-39 
Allyl mesylate, 40 
N-Allyl-2-ethylcyclohexylideneamine, 202 
B,a-(Allylic)-N-nitrosamines, 508 
Almadori rearrangement, 312 
Amidrazones, 407 
Amines, 
aliphatic, oxidation to imines, 314 
aromatic, bimolecular oxidation with man- 
ganese dioxide, 391 
nitrosation, 457, 460-466 
oxidation of, 355, 390-394, 479, 481-483 
oxidation to azoxy compounds, 415, 428, 
434-436 
oxidation to C-nitroso compounds, 479, 
481-483 
oxidation with Caro’s acid, 458, 481-482 
oxidation with Peracids, 482-483 
primary, N-nitrosation, 502-503 
secondary, 
N-nitrosation, 503-510 
purification via N-nitroso derivatives, 499 
4'-Aminobenzo-18-crown-6, diazotized, cou- 
pled to N-n-butylaniline, 362 
4'-Amino-5' -tert-butylbenzo-18-crown-6, ox- 
idation, 391-392 
B-Aminoethylsulfuric acid, 315, 316 
Aminonaphthalenes, see Naphthylamines 
1-Amino-4-nitrosonaphthalene, 461-462 
Aminouracil, 
C-nitrosation, 493 
Anil, see Imines 
Anti-Bredt imines, 319 
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Aromatic azoxy compounds, properties, 452— 
453 
Aromatic C-nitroso compounds, properties, 
484-485 
Aryliminodimagnesium reagents, reaction with 
aromatic nitro compounds, 425-426 
Azides, 323-352 
allyl and aryl azides formation, 325 
bromination, 349 
explosion hazard, 324-325, 330, 332, 341, 
345 
properties, 330, 331, 335, 340, 344, 348 
2-Azido-1,4-benzoquinone, 349 
1-Azidobicyclo[2.2.2]octane, 336 
6B-Azido-Sa, 1 1a-dihydrox ypregnane-3 ,20-di- 
one bis[cyclic ethylene ketal]}-11-acetate, 
347 
Azidodithiocarbonic acid, 349 
Azidoindoles 
preparation, 338-339 
2-Azido-|-iodo-2-methylpropane, 345 
2-(2-Azidophenyl)-5-methylbenzotriazole, 338 
Azidotryptophans, preparation, 338-339 
a-Azidovinyl ketones, 327 
Azines, 
macrocyclic, hydrogenation, 407 
preparation of a,a’-diacyloxyazoalkanes 
from, 355, 389 
reduction of 388-390 
Aziridines, see Ethylenimine 
Azoalkanes, 397, 398 
isomerization of hydrazones to, 402-403, 
404 
polycyclic, 409 
4,4’'-Azoanisole, by oxidation of p-anisidine, 
400 
Azobenzene, 
by oxidation, 396-397 
by oxidation of hydrazobenzene, 399 
unsymmetrically substituted, 378-381 
cis-Azobenzene, oxidation of, 427, 430 
Azobenzene-d3, 369 
Azobenzenophanes, 409 
Azo-n-butane, 373 
Azobis (diphenylmethane), 395 
1,1-Azobisformamides, 408 
a,a’-Azobis(isobutyronitrile), 400 
polymerization initiator, 353 
stability, 395 
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Azo compounds, 353-411 
aliphatic azo compounds, from N,N’-di- 
alkylamides of sulfuric acid, 354, 373 
aliphatic «,B-unsaturated compounds, oxida- 
tion of, 431 
aromatic, 405 
fluorinated, 408 
heterocyclic amine-based, 370-371 
olefinic, 376 
oxidation to azoxy compounds, 394 
oxidation to azoxy derivatives, 414-415, 
426-432 
oxidation to C-nitroso compounds, 490-491 
properties, 364, 371, 376, 379, 380-381, 
387, 389, 398, 404, 405 
symmetrically substituted aromatic, 387 
trans to cis isomerization, 355, 403-405 
cis-Azo compounds, 
oxidation to cis-azoxy compounds, 416 
preparation, 403-405 
Azocyclohexane, 373 
Azodicarbonamide, 400 
Azocumene, 393-394 
2,2'-Azodiphenyl, see Benzo[c]cinnoline 
Azobis(diphenylphosphine oxide), 398 
Azoethane, 397 
Azo-hydrazone tautomerism, 365, 401-403 
a-Azohydroperoxides, 409 
Azomethane, 400 
Azomethine, see Imines 
Azonaphthalene, 365 
Azopropane, 373 
Azotoluene, isomerization, 430 
cis-p,p'-Azotoluene, 404-405 
@-Azotoluene, 427 
Azoxy alkanes, regiospecific, 425 
p-Azoxyanisole, 435-436 
m-Azoxybenzyl alcohol, 447 
cis-Azoxybenzene, 427, 428 
Azoxy compounds, 414-455 
fluorinated, 422 
properties, 444, 450-451, 452, 453 
reduction of, 354, 386-388 
reduction with triethylphosphine, 407 
unsymmetrical aromatic compounds, 420- 
421, 424, 437-439 
cis-Azoxy compounds, by oxidation phenyl- 
hydrazones, 432-434 
Azoxycyclododecane, 422 
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Azoxycyclohexane, 436 
2-Azoxy-2,3-dimethylhexane, 420 
cis-p-Azoxytoluene, 430-431 
cis-w-Azoxytoluene, 448 
trans-w-Azoxytoluene, 427 
trans-p-Azoxytoluene, 43] 
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Barbituric acid, 180 
Barton reaction, 492 
Baudisch reaction, 458, 479, 491 
Beckmann rearrangement, 471 
Benzalaniline, 300 
Benzenesulfonylsemicarbazide, 220 
Benzo[c]cinnoline, 385-386 
Benzo[c]cinnoline dioxide, 
by reduction of 2,2’-dinitrobiphenyl, 492 
Benzidine rearrangement, 354, 383, 441 
Benz[c]isoxazoles, 422 
Benzophenone-N-methylimine, 299 
Benzoylhydrazine, 217 
1-Benzoyl-4-phenylsemicarbazide, 217 
Benzylcarbamate, 288 
Benzylamine, imine formation, 302 
Benzylideneaniline, see also Benzalaniline 
substituted, 305, 306-307 
1-Benzy]-1-nitroso-3-nitroguanidine, 528 
1-(p-Bipheny1)-3-phenylallene, 15-16 
bis (2-Chloroethyl) sulfite, 92 
N,N-bis (2-Hydroxyethyl) hydrazine, 221 
p.p'-bis(Perdeuterioalkoxy)azoxybenzenes, 436 
Bogoslovskii reaction, 353, 364-365 
Borsche synthesis, 354, 367-368 
Bridgehead azides, from bridgehead alcohols, 
334 
cis-p,p’'-Bromoazobenzene, 405 
Bromomethylazobenzenes, unsymmetrically 
substituted, 379 
2-Bromo-2’-methylazobenzene[(2-bromo-phe- 
nylazo)-2'-toluene], 378-379 
1-Bromo-3-methyl-1,2-butadiene, 27-31 
1-Bromo-1-nitrosocyclohexane, 490 
cis-exo-2-Bromo-3-nitrosonorbornane dimer, 
476 
(2-Bromophenyl)-NNO-azoxy(2-hydroxy-5- 
methylbenzene), 429-430 
p-Bromophenylurea, 157 
Bromopropadiene, 17 
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2,3-Butadienoic acid, 16 

N-|-Butenylpiperazine, 106 

n-Butyl azide, 326 

t-Butyl-ONN-azoxymethane, 419-420 

t-Butyl p-bromophenylazoformate, 398 

n-Butyl carbamate, 277, 281 

t-Butyl carbonate, 285, 287 

2-n-Butyl-3,3-di-n-butylpseudourea, 200 

2-n-Buty|-3,3-diisopropylpseudourea, 204 

N-(n-Butyl)-N’ ,W”-dimethyl-N-nitrosourea, 523 

2-n-Butyl-1,3-di-p-tolylpseudourea, 196 

3-Butylidinebenzylamine, 480 

Butylidenepropylamine, 303 

N-Butyl-N-methylaniline isomers, difficulty of 
c-nitrosation, 464 

t-Butyl-o-tolylketimine, 309 

Butylurea, 157 


Cc 


N-Carbamates, 260-273 
caution, 261 
by reaction of isocyanates with hydroxy 
compounds, 261-269 
resonance structure, 260 
O-Carbamates, 274-290 
catalysts, 275-279 
by reaction of alcohols with urea, 275-281 
transesterification, 287-288 
uses, 274 
Carbamoy] chloride, 288 
Carbamy! chlorides, 226 
Carbanilide, see sym-Diphenylurea 
Carbodiimides, 195-196, 233-259 
catalysts, 234-245 
reactions of to give pseudoureas, 195-196 
reaction with alcohols, 195-196 
Carbonylation, 186 
Carboxypeptidase A, imine formation with 
gluteraldehyde, 308 
Caro’s acid, 458, 486 
in oxidation of amines, 481 
preparation, 481, 482 
Cation exchange resins, 266 
4-Chloro-1,2-butadiene, 37 
2-Chlorocyclohexanone, 477 
1-Chloro-2-N,N-diphen ylaminoacetylene, 
145 
1-Chloro-5-ethoxy!-2,3-pentadiene, 36-37 
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N-(2-Chloroethyl)-N’ -nitro-N-nitrosoguanidine, 
528 
N-(2-Chloroethyl)-N-nitrosoacetamide, 520 
Chloroformates, 281-285 
reaction with ammonia, 281-285 
1-Chloro-1,2-hexadiene, 18 
N-Chloroimines, reaction with Grignard re- 
agents, 311 
a-Chloroketoximes, in nitrosoalkene prepara- 
tion, 495 
1-Chloro-3-(a-naphthyl)- | ,3-diphenyipropa- 
diene, 31-32 
4-Chloro-4-nitrosoheptane, 489 
trans-|-Chloro-2-nitrosocyclohexane dimer, 
477-478 
cis-exo-2-Chloro-3-nitrosonorbornane dimer, 
475-476 
m-Chloroperbenzoic acid, in oxidation of aro- 
matic and heterocyclic amines, 483, 495 
(4-Chlorophenylazo)benzene, 377 
2-[(p-Chlorophenyl!)azo]-4-methy|lpyridine, 
370 
1-(p-Chloropheny1)-1,3,3-trimethylurea, 173 
4-Chlorophenylzinc chloride, 377 
Chloropropadiene, 17 
Chlorosulfinates, 86-87 
3-Chloro-2,2,6,6-tetramethyl-5-phenyl-3 ,4-hep- 
tadiene, 31] 
1-Chloro-N,N-2-trimethylpropenylamine, 120 
(+)-(R)-Citronellal, imine formation, 302 
Claisen condensation, 128 
Claisen rearrangement, 40 
Cope-type rearrangement, 40 
Cupferron, 423, 424, 531 
Curtius reaction, acy! azide formation, by, 339 
Cyanamides, 196-204 
reaction with alcohols, 196-204 
Cyanoallene, 24 
N-Cyanoaziridines, 345 
3-Cyano-2-(m-nitrophenyl)indazole |-oxide, 
438 
1-Cyanopyrrolidine, 200 
Cyclic sulfites, 80-84 
of catechol, 84 
of trans-cyclohexane-|,2-diol, 84 
of 1,2 or 1,3-diols, 83 
of phenylethane-1,2-diol, 83 
1,2-Cyclodecadiene, 9 
2-Cyclohexyl-3,3-di-N-butylpseudourea, 209 
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N-Cyclohexyl-N-(1-methyl-2-propynyl)-N’-p- 
chlorophenylurea, 158 

1-Cyclohexy|-3-[2-morpholinyl-(4)-ethyl]car- 
bodiimide, 251-252 

1-Cyclohexyl-3-[2-morpholinyl-(4)-eth- 
yl]thiourea, 251 

Cyclohexylurea, 247 

1,2-Cyclononadiene, 6-7 

2-p-Cymyl-4-semicarbazide, 215 


D 


Decafluoroazobenzene, 392 
Decafluoroazoxybenzene, 434 
by triethyl phosphite reduction, 441 
1-(p-n-Decylox yphenylazo)-2-naphthol, 360-—- 
361 
A!(10)_Dehydroquinolizidine, 121 
Demjanov ring expansion, 499 
a,a’-Diacyloxyazoalkanes, 389-390 
N,N’-Di[adamantyl-(1)]carbodiimide, 254-255 
N,N’-Di[adamantyl-(1)]thiourea, 254 
4,4’-Dialkoxyazoxybenzenes, 428 
by reduction of alkoxynitrobenzenes, 387, 
428 
§-Dialkylamino-2-nitrosophenols, 465 
1,1-Dialkyl-3-arylureas, 171 
Dialkylhydrazines, oxidation of, 406 
Dialkylsulfuric diamides, reaction with sodium 
hypochlorite, 354, 373 
N,N-Dialkylureas, 153-154 
1,3-Dialkylureas, 170 
| ,2-Diarylhydrazines, 441 
1,3-Diarylureas, 169 
sym-Diarylthioureas, 218 
Diaza cycloolefins, see Azo compounds 
2,5-Diazido-!,4-benzoquinone, 349 
Diazenes, see Azo compounds 
Diazine oxide, see Azoxy compounds 
Diaziridinimines, 319 
Diazoalkanes, reaction with olefins, 379 
Diazonium salts, 
conversion to azides, 339 
coupling with aromatic compounds, 358-365 
coupling with aromatic and pseudo-aromatic 
hydrocarbons, 363 
in enzyme chemistry, 359 
coupling with Grignard reagents, 376-379 
explosion hazard, 360 
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reaction with active methylene compounds, 
354, 365-367 
reaction with Grignard reagents, 354 
Diazonium zinc chloride double salts, prepara- 
tion, 378 
Diazo transfer reactions, 335-337 
trans-2-Dibenzylamino- | -phe- 
nylsulfonylpropene, 116-117 
Dibenzylsulfite, 82 
2,6-Dibromo-4-nitrosophenol, preparation and 
detonation hazard, 473 
N,N-Di-n-butylcyanamide, 200 
1,1’-Dichloroazocyclohexane, 388-389 
trans-2,2’-Dichloro-trans-azodioxycyclohex- 
ane, see trans-|-Chloro-2-nitro- 
socyclohexane dimer 
4,4’-Dichloro-2,2’-azoxytoluene, 446 
Dichlorocarbodiimides, 246 
Dichloroethylphosphine, 244 
2,6-Dichloronitrosobenzene dimer, 483 
1,2-Dichloro-|-nitrosocyclohexane, 477 
4-(3,4-Dichlorophenyl)semicarbazide, 223 
2,2'-Dicyanoazoxybenzene, 442 
4,4’-Dicyanoazoxybenzene, 482 
Dicyclohexylcarbodiimide, 234, 247, 250 
Di(2,6-diisopropylphenyl)carbodiimide, 245 
Diels—Alder reactions, 136, 396 
2,2-Diethoxy-1 ,3-benzodioxolane, 62 
Diethyl azodicarboxylate, 395-396, 400 
as oxidizing agent, 399-400 
Diethylcarbodiimide, 234 
N,N-Diethylcarbomethoxyethylamine, 141- 
142 
Diethylketimine, 310 
Diethyl propadienylphosphonate, 32-34 
1,1-Difluoroallene, 8-9 
3,5-Difluro-4-N-methylaminoazobenzene, 369 
trans-Dihalobis(pyridine)palladium(II), 447 
gem-Dihalocyclopropanes, dehalogenation of, 
2-7 
4,4’-Dihexyloxyazoxybenzene, 428 
2,2'-Dihydroxyazobenzene, 364-365 
o,0'-Dihydroxyazo compounds, 354 
4,5-Dihydroxy-2-imidazolidinone, 178 
1,3-Dihydroxymethylurea, 176-178 
Diimide oxide, see Azoxy compounds 
Diimines, see Azo compounds 
from aromatic aldehydes, 308 
of a-diketones, 317 


m,m'-Diiodoazoxybenzene, 443-445 
Di-p-iodophenylcarbodiimide, 234 
Diisocyanates, 265-267 
reaction with alcohols, 265-267 
3,3’-Diisocyanato-4,4’-dimethylcarbanilide, 
163-164 
Diisopropylcarbodiimide, 234 
Dimethylamino-l-cyclohexene, 106 
N,N-Dimethylamino-2-phenylacetylene, 138, 
146 
Di-p-dimethylaminophenylcarbodiimide, 234 
a-Dimethylaminostilbene, 119 
2,2’-Dimethyl-2,2’-azopropane, 394 
N,N’-Dimethyl-O-benzylisourea, 205 
N,N-Dimethyl-2,3-butadienylamine, 37-39 
2,2-Dimethyl-3,4-hexadiene, 12 
N,N-Dimethylisobutenylamine, 107-108 
1,1-Dimethy]-4-phenylthiosemicarbazide, 
222 
1,1-Dimethyl-3-phenylurea, 172 
Dimethy] sulfate, carcinogenic nature, 423 
S,S-Dimethylsulfilimines, oxidation of, 370 
sym-Dimethylurea, 205 
N,N-Dimethylvinylamine, 117-118 
3,3’-Dinitroazobenzene, 393 
4,4’-Dinitrodiphenylcarbodiimide, 244 
2,4-Dinitronaphthyl-|-semicarbazide, 224 
m-Dinitrosobenzene, 487 
2,2’-Dinitrobiphenyl reduction, 492 
N,N’ -Dinitroso-2,5-diketopiperazine, 521 
N.N’-Dinitrozofumardianilide, 518 
Dinorbornan-2-endoy] sulfite, 89-90 
2,2’-Diphenyl-2,2’-azopropane, see 
Azocumene 
Diphenylcarbodiimide, 234, 238, 244, 253- 
254 
1,1-Dipheny]-4,4-dimethyl-1,2-pentadiene, 23- 
24 
Diphenylfuroxane, 471 
trans-3,5-Diphenyl-|-pyrazoline, 382 
4-(4-Diphenyl)semicarbazide, 222 
1,3-Diphenylurea, 155-156, 182, 185 
sym-Diphenylureas, 
properties, 340 
Di-n-propyl sulfite, 9! 
Di-p-tolycarbodiimide, 234 
4,4’-Divinylazobenzene, 384—385 
Divinyl B-nitroethy] orthoacetate, 63 
“Drynap,’’ 383, 442 
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Enamides, 97 
Enamines, 95-134 
cyclic, 122-123, 128-129 
formation from silazanes and ketones, 299 
reactions, 96 
resonance, 95 
Enzyme immobilization, 309 
Epoxides, 88-89 
reaction with sulfur dioxide, 88-89 
Erythryl sulfite, 92 
|-Ethoxy-3-methyl- 1 ,2-butadiene, 6 
p-Ethoxyphenylurea, 153, 157 
Ethyl azidoformate, 330 
Ethyl L-azidopropanoate, 337 
Ethylazoisobutane, 397 
Ethyl a-azoxyisopropyl ketone, 440-441 
Ethyl carbamate, 271, 277, 281-282 
trans-Ethyl B-dimethylaminoacrylate, 116 
Ethylene sulfite, 89 
Ethylenimines, see also Imines 
Ethylenimine, 113-115, 186, 315-316 
from B-bromoethylamine hydrobromide, 
315 
from B-chloroethylamine hydrochloride, 315 
from |,2-dihaloalkanes, 316 
preparation, 315, 316 
Ethylenimine and related compounds, car- 
cinogenicity, 315, 316 
|-Ethyl-3-methyl-3-phospholine-1-oxide, 238- 
245 
N-Ethyl- |-naphthylamine 
C-nitrosation, 461 
Ethyl 4-(p-nitrophenylazo)-1-naphthyl ether, 
363 
Ethyl orthoacetate, 55 
Ethyl orthobenzoate, 62 
Ethyl orthobromoacetate, 67 
Ethy! orthothioformate, 57 
conversion to ethyl orthoformate, 57 
Ethyl 2-phenylazocrotonate, 375 
Ethyl a-phenylazo-a-methylacetoacetate, 367 
Ethyl phenylurethane, 263 


F 


Fehling solution, 214 
Fenchylsemicarbazide, 228 
Fenchylsemicarbazone, 228 
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Fischer—Hepp rearrangement, 457, 461, 462- 
465, 501 

N'-Fluorodiimide N-oxides, N-substituted, 449 

2-Formox ynitrosocyclohexane dimer, 478 


G 


Glucagon, 
coupling to rabbit serum albumin, 309 
Glucose, as reducing agent, 384, 445 
Gluteraldehyde, reaction with amino acids and 
proteins, 309 
Glycolurils, 179 
Grignard reagents, 121, 129 
reaction with N-chloroimines, 311 
reaction with diazonium salts, 376-379 
reaction with diimide dioxides, 414, 423, 
424 
reaction with nitrites, 310 
reaction with nitrosohydroxylamine deriva- 
tives, 414, 424 
reaction with oximes, 312, 316 


H 


a-Halocarbonyl compound, reaction with 
hydrazine derivatives, 374-376 

Halonitrosoalkanes, 

properties of, 472 
| ,2-Hexadiene, 22-23 
Hexamethyiphosphoramide, 

toxicity and carcinogenicity, 396 
Hexamethylene bis(ethylurethane), 163 
n-Hexylurea, 161-162 
Hiickel’s molecular orbital theory, 399 
Hydrazide 

nitrosation to azides, 339-342 

properties, 340 
Hydrazine, nitrosation to azides, 339-342 
Hydrazine derivatives, 

oxidation of, 355, 394-399, 406 

reaction with a-halocarbonyl compounds, 

374-376 
Hydrazo compounds, see also |,2-Diaryl- 
hydrazines 

oxidation with nitric acid, 400 
Hydrazoic acid, see Hydrogen azide 
“‘Hydrazone oxides,’’ 415 
Hydrazones, 

isomerization, 355, 401—403 


Index 


oxidation of, 400-401 
oxidation to azoxy compounds, 432-434 
Hydrogen azide, addition to olefins, 343 
Hydroxyalkylmethacrylate, 267 
a-Hydroxy imines, 312 
Hydroxylamine hydrochloride, in Baudisch re- 
action, 491 
Hydroxylamines, 354, 371-373, 415, 436, 
448, 458, 479, 483-489 
aromatic, oxidation to azoxy compounds, 
415, 436 
condensation with nitro compounds, 448 
condensation with thionylamines, 354, 371- 
373 
oxidation with lead tetraacetate, 487-488 
oxidation to C-nitroso compounds, 458, 
479, 483-489 
Hydroxylamine sulfuric acid, 
azo formation with ketones, 407 
Hypobromide oxidation 
of hydroxylamines, 485-486 


I 


Imidates, 50-54 
2-Imidazolidinoue, 178-179 
Imines, 291-322 
geometric isomerism, 292 
oxidation to C-nitroso compounds, 458, 479 
properties, 293, 294, 295, 296, 297, 298, 
301-302, 304, 306-307, 311, 313 
stability of aldimines, 299 
Iminium salts, 308 
by alkylation of imines, 319 
3-Iminobutyronitrite, 313 
Imino-ester hydrochlorides, 53-54 
Imino ethers, oxidation of, 319 
Iminonitrites, 312 
Indazole oxides, oxidation to azoxy com- 
pounds, 415, 437-439 
lodine azide, 
addition to olefins, 317 
preparation, 345-346 
Isobutylurea, 157 
Isocyanates, oxidation to azo compounds, 406 
{somerization 
trans to cis azo compounds, 403-405 
trans to cis azoxy compounds, 416, 447- 
448 
trans to cis nitroso compounds, 494 
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Isonicotinic acid hydrazide, 217 
1-Isonicotinylsemicarbazide, 215, 217 
‘‘Isonitroso’’ compounds, 456, 467 
N-Isopropyl-N-(2,6-dimethylcyclohex- 
ylidene)amine, 305 
2-Isopropy!-3,3-dimethyloxazirane, 480 
N-Isopropylideneisopropylamine, peracetic acid 
oxidation of, 480 
Isoureas, see also Pseudoureas, 195 


J 


Japp-Klingemann reaction, 366 
K 


Kabsalkalian—Townley reaction, 492 
Ketene acetals, 62~65 

addition of alcohols to, 62-65 
Ketene S,N-acetals, 144-145 
Keto hydrazones, 

oxidation of, 355 
a-Ketonitrosoalkanes, rearrangement, 468 
Ketimine, see also Imines 

from Grignard reagent—nitrite complexes, 

310-312 

from oximes, 311 

preparation, 300-302 

sterically hindered, 310 


L 


Lead tetraacetate 
oxidation of hydroxylamines, 487-488 
Lewis acid catalysts, 98-99 
Liebermann test, 501 
Lithium aldimines, 312 
Liquid crystals, see also Imines 
azoxy compounds in, 414, 428 
N-Benzylideneanilines, 292 


M 


Mannich reaction, 98-108 

Markovnikov’s rule, in reaction of nitrosyl 
chloride with olefins, 475 

Meerwein ortho ester synthesis, 72 

Meprobamate, 274 

1-(2-Mercaptoethyl)-3-phenyl-2-thiourea, 161 

Metalloallenes, 39 


544 


1-Methoxy-2, 10-dioxabicyclo[4,4,OJdecane, 69 


2-Methoxy-!,3-dioxolane, 58-59 
2-(Methylazo)propene, 376 
4'-Methylazoxybenzene, 424 
Methyl-NNO-azoxybenzene, 423 
1-(Methyl-NNO-azoxy)cyclohexene, 431 
2-(Methyl-ONN-azoxy)isobutene, 431 
2-(Methyl-NNO-azoxy)propene, 431-432 
3-Methyl-1,2-butadiene, 6 
N-Methyl-N’ -t-butyldiazene-N’-oxide, 419-420 
3-Methyl-|-butynyl-3-carbamate, 282 
Methyl carbamate, 276-277 
N-Methy|-m-chloro-p-nitrosoaniline, 463-464 
4-Methylcinnoline-1,2-dioxide, 490 
1-Methy]-2-cyclopentadienylidene-2,3,4,5- 
tetrahydropyrrole, 110-111 
Methyl (5-dibutylamino)-4-ethyl-4-pentenoate, 
108 
2-MethyI-1,3-diisopropylpseudourea, 196 
N-(5-Methyl-5-hexenylidene benzylamine, 302 
4-Methylene-2-imidazolidinones, 159 
N-Methy]-2-[6’-methoxynaphthyl-(2’)-]-pyri- 
deine, 110 
N-Methyl-2-methylpyrroline, 109 
N-MethyI-N-nitroso-3,6-dinitroaniline, 
by nitrosation of a tertiary amine, 513 
Methyl N-nitroso-B-methylaminoisobutyl ke- 
tone, 503-504 
2-Methyl-2-nitroso-3-pentanone dimer, 468- 
469 
2-Methyl-2-nitrosopropane dimer, 486 
N-Methylolureas, 187 
Methyl orthoformate, 54-55, 60 
Methy! orthovalerate, 55 
2-Methy]-4-oximino-3-pentanone, 468-469 
2-(4-Methylpentylidene)-4-methyl-2-pen- 
tylamine, 314 
1-(N-Methyl-N-phenylamino)-2-bromopropane, 
119 
dehalogenation of, 119 
N-Methyl-N-phenylaminohexyne, 141 
1-(N-Methy]-N-phenylamino)-2-propanol, 119 
N-Methyl-N-propenylaniline, 118-119 
2-Methylpseudourea, 193, 205 
2-Methylpseudourea toluene-p-sulfonate, 193 
N-Methyl-N-(3,5,5-trimethylhexyl)-p-nitroso- 
aniline, 465 
1-Morpholino-1-cyclohexene, 107 
trans-1-(4-Morpholino)-1 ,2-diphenylethylene, 
120 
1-Morpholino-1-isobutene, 107 
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N 


1-Naphthylamine, tumor-producing compound, 
461 
2-Naphthylamine, carcinogenic nature, 373, 
374 
a-Naphthylisocyanate, 159, 267-269 
a-Naphthylureas, 159 
a-Naphthylurethanes, 268-270 
Nematic transition, of benzylideneanilines, 
306-307 
Nitriles, aromatic, reduction to imines, 314 
Nitrites, fluorinated, decarboxylation of, 473 
Nitroalkanes, 
secondary, imine formation of reaction with 
amines, 317 
o-Nitrobenzenesulfonyl azide, 332 
1-Nitro-2-chlorocyclohexane, 477 
2-Nitro-4-chloronitrosobenzene dimer, 481— 
482 
Nitro compounds, 
bimolecular reduction to azoxy compounds, 
415-416, 441-447 
carbon monoxide reduction, 408 
reaction with aromatic amines, 373-374 
reduction to azo compounds 383-386 
stannous chloride reduction, 408 
Nitrogen oxides 
C-nitroso compounds by addition to olefins, 
494 
N-Nitrohydrazine derivatives, 528-529 
m-Nitrophenylazobenzene, 368-369 
m-Nitrophenyl-NNO-azoxybenzene, 438-439 
m-Nitropheny!-NNO-azoxy-2-benzoic acid, 438 
N-Nitrothioureas, 
properties, 524 
B-Nitrostyrene, reduction to imine, 313 
N-Nitrosamides, 514-520 
explosion and physiological hazards, 514 
properties, 515 
N-Nitrosamines, 501-513 
carcinogenicity, 499, 500 
properties, 511 
Nitrosation, 
of aromatic amines, 460-466 
free radical, 469-472 
N-Nitrosation, 
with dinitrogen tetroxide, 501 
of amides, 519-520 
of secondary amines, 509 
of lactams, 521 
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of sulfonamides, 522 
with nitrogen dioxide and nitric oxide, 501 
with nitrogen trioxide, 501, 516-517 
with nitrosonium tetrafluoroborate and alkyl 
nitrites, 501, 510 
with nitrosyl chloride, SO1, 517-518, 531- 
§32 
of secondary amines, 510 
with sodium nitrite and aqueous acid, 501, 
503-508, 513, 514, 522, 523 
with sodium nitrite in acetic anhydride, 501, 
515-516 
of tertiary amines, 510-513 
trans-Nitrosation, 508-509 
Nitrosoacetylenes, 474 
a-Nitroso-w-aldehyde dimers, 492 
C-Nitrosoalkane dimers, 
properties of, 470 
a-Nitrosoalkanes, 
reduction, 440 
Nitrosoalkenes, 
from «-chloroketoximes, 495 
N-Nitroso-N-alkylcarbamates, see N-Nitroso-N- 
alkylurethanes 
N-Nitroso-N-alkylurethanes, 525 
Nitrosoamines, see N-Nitrosamines 
p-Nitrosoanilines, properties of, 466 
Nitrosobenzene, by lead tetraacetate oxidation, 
488 
Nitrosobenzene-2,4,4-d, 482 
4-Nitrosobenzonitrite, 482 
N-Nitroso-N-benzylformamide-d, 518 
N-Nitroso-N-benzyl-p-toluene sulfonamide, 
§22 
t-Nitrosobutane, 
codistillation with diethyl ether, 481 
melting point, 481 
N-Nitrosocamphidine, 504 
N-Nitroso-e-caprolactam, 520-521 
9-Nitroso-10-chlorodecalin, 475 
N-Nitrosocimetidine hydrate and nitrate, 504— 
505 
Nitrosocycloheptane dimer, 486 
Nitroso compounds, 
reaction with active methylene compounds, 
317 
C-Nitroso compounds, 456-498 
condensation with amines, 354, 368-371, 
414, 421 
condensation with diazomethane derivatives, 
414, 422 
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condensation with hydroxylamines, 414, 
418-422 

condensation with oximes, 414, 421 

dimer, light absorption, 467 

dimerization, 456 

nomenclature, 459 


reduction to azoxy compounds, 415, 440- 441 


by reduction reactions, 491-492 
N-Nitroso compounds, 499-535 
thermal stability, 499-500 
unstable diazoalkane formation in alkaline 
media, 500 
Nitrosocyclohexane, 467, 468, 472 
dimer, 474, 486 
Nitrosodecaline dimers, 486 
Nitroso decarboxylation, 373 
Nitrosodibenzoylmethane, 467 
N-Nitrosodicyclohexylamine, 504 
3-Nitroso-5 ,5-dipheny!-2-oxazolidone, 526— 
§27 
trans-and cis-N-Nitroso-2,5-dipheny]-pyr- 
rolidine, 507 
N-Nitrosoenamines, 508 
a-Nitroso esters, reduction, 400 
trans-2-Nitrosoethane dimer, 469 
N-Nitroso-2-ethyl-5-methyl-| ,3-oxazolidine, 
527 
N-Nitrosoglycocholic acid, 518 
4-Nitrosoheptane dimer, 485-486 
N-Nitrosohydroxylamines, 530-532 
decomposition, 474 
Nitrosohydroxylamine tosylates, 
reaction with Grignard reagents, 424 
reaction with phenyllithium, 424 
N-Nitrosoketimines, 
properties, 530 
synthesis, 529-530 
a-Nitroso ketones, reduction, 440 
N-Nitrosolactams, 520-521 
N-Nitroso-N-methylaniline, 509 
Nitrosomethane, 467 
dimer, 469 
I-Nitroso-2-naphthol, 466 
N-Nitrosomethylurea, 523 
a-Nitrosonitriles, reduction, 440 
1-Nitroso-3-nitroguanidines, 527-528 
N-Nitroso-1 ,3-oxazolidines, 527 
N-Nitroso-2-oxazolidones, 525-527 
properties, 526 
o-Nitrosophenols, by Baudisch reaction, 491 
N-Nitrosophenylglycine, 506-507 
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2-Nitrosopropane dimer, 479-480 
N-Nitroso-N-n-propylacetamide, 517 
N-nitroso-N-n-propylurea, 523 
N-Nitroso-2-pyrrolidone, 521 
N-Nitrososulfonamides, 522 
N-Nitrosotaurocholic acid, 518 
4-Nitrosotetrafluorobromobenzene, 483 
N-Nitroso-tetrahydropyridines, 508 
N-Nitrosothioureas, 522-525 
a-Nitrosotoluene dimer, 480 
N-Nitrosoureas, 522-524 

anticancer agents, 499 
Nitrosyl bromide, in situ generation, 476 
Nitrosyl chloride, 457 

reaction with fluorolefins, 494 

reaction with olefins, 475-478 
Nitrosyl formate, 458 

reaction with olefins, 478 
Nitrosylsulfuric acid, 457, 461 
N-(1-Norborny])-N, ‘N'-dimethyl-N-nitrosourea, 

$23 


O 


4,4’-H-Octafluoroazobenzene, 392 
Octafluoro-4,4'-dimethoxyazoxybenzene, 432 
Olefins, 

reaction with nitrosyl chloride, 457, 475- 

478 

reaction with nitrosyl formate, 478 
Organometallic compounds, 

in azoxy compound preparations, 423-426 

Nitrosation, 474 
Ortho esters, 48-77 

alcoholysis synthesis routes, 49-55 

elimination reactions, 68 

halogenation, 65-68 

reduction reactions, 68 

transesterification reactions, 55 
Oxaziranes, oxidation to C-nitroso compounds, 

458, 479 

Oxazolidines, N-nitrosation, 502-503 
Oximes, 314, 479, 489-490 

oxidation with N-bromosuccinimide, 489- 

490 

oxidation with halogens, 489 

oxidation to C-nitroso compounds, 479 

reduction to ketimines, 314 
4,4’-{Oxybis(4-nitro-o-phenyleneazo)]bis-[N,N- 

dimethylaniline), 361-362 
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P 


Pentafluoronitrosobenzene, 483 

Pentazene, 337 

Pentyl azide, 326 

Penty] nitrite, C-nitrosating agent of tert-aro- 
matic amines, 466 

Peracetic acid, in oxidation of amines, 483 

Perfluoroalkyl isocyanates, 185 

Performic acid, in oxidation of amines, 483 

Phenolic nitroso compounds, by Baudisch re- 
action, 491 

Phenols, nitrosation of, 466-467 

Phenoxypropadiene, 11 

Phenylacetaldimine, 313 

Phenyl azide, 339-340 

(Phenol)azoalkanes, 369 

Phenylazodiphenylphosphine oxide, 399 

Phenylazoethane, 377 

2-Phenylazo-1,3-indanedione, 366 

Phenylazonaphthalenes, 373-374 

1-Phenylazo-2-naphthol, 359 

2-Phenylazo-3-naphthol, 371, 372-373 

2-Phenylazopropane 

cis-a-(Phenyl-ONN-azoxy)toluene, 434 

1-Pheny]-3-(2-cyanoethy|)-2-methyl- 
pseudothiuronium iodide, 207 

2-Phenyl-2-ethylethylenimine, 316-317 

p-Phenylene diisocyanate, 266 

(—)-(s)-a-Phenylethylamine, imine formation, 
303 

asym-Phenylethylurea, 165 

N-Phenyl-O-ethylurethane, 27] 

Phenylhydrazine, 217 

Phenylhydrazones, 

oxidation to cis-azoxy compounds, 415, 
416, 432-433 

Pheny] isocyanate, 263-264 

Phenyl isothiocyanate, 186 

Phenyllithium, 424 

1-Pheny!-3-methy|-4-phenylazopyrazolone, 375 

a-Phenylseleny! nitrosamine, formation and 
conversion to unsaturated N-nitrosamines, 
508 

Phenylsemicarbazide, 215-216 

Phenylthiosemicarbazides, 215 

Phenylurea, 155-156, 216 

Phenylurethanes, 261—263 

Piloty oxidation, 489 

Poly(acrylazide), crosslinked, 341-342 
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Poly(acrylhydrazide), preparation, 341 
Polyazobenzenes, 409 
Polycarbodiimide, 245 
Poly(decamethyleneurea), 160 
Polyesters, derived from azoxybenzoic acid 
and azoxyphenols, 450 
Poly(hexamethylene-decamethyleneurea)- 
copolymer, 162-163 
Poly(hexamethyleneurea), 166 
Poly(4-oxyheptamethyleneurea), 154-155 
Polypseudothioureas, 206 
Polysemicarbazides, 229 
Poly-2,4 toluenesemicarbazide, 223 
Polyurethane prepolymer, 267 
Potassium hydroxide, 
alcoholic, as reducing agent, 443-445 
Propylidenepropylamine, 303 
n-Propyl orthoformate, 57-58 
N-(1-Propynyl)phenothiazine, 135, 147 
Pseudothioureas, 194 
Pseudoureas, 192-212 
reactions of, 207-209 
transalkylation, 209 
uses, 194 
1-Pyrazolines, 379-382 
2-Pyridinecarboxaldehyde, imine formation, 
303 
Pyrimidines, 
C-nitrosation, 493 


R 


von Richter synthesis, 354, 368 
Ruthenium catalyst, 299 


S 


Sandmeyer reaction, 364 
Schiff base, see Imines 
Selenoureas, 186 
Semicarbazides, 213~232 
by condensation reactions of semicarbazides, 
223-226 
nomenclature, 213 
reaction of carbamic acid derivatives to give 
semicarbazides, 226 
by reaction of hydrazine with isocyanates, 
221-223 
by reaction of hydrazines with cyanates, 
218-221 
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by reaction of hydrazine with urea, 215-216 

uses, 215 
Semicarbazidomethylenemalonitrite, 224 
Semicarbazones, 215, 227 

reduction of, 227 
Semidine rearragnement, 383 
Schiff bases, 41 
Silazane, 299 
Smectic transition, of benzylideneanilines, 

306-307 

Sodium cyanate, 283-287 

reaction with alcohols, 283-287 
Sodium dialkylamine derivatives, 313 
Succinamoyl azide, 339 
Sulfinyl chlorides, 84-87 

reaction with alcohols, 84-87 
Sulfites, 79-94 

alcoholysis, 90-92 

cyclic sulfites, 80-81, 83-84 
Sydnoneimines, 

formation, 463 


T 


1,4,5,8-Tetraazadecalin, tetranitrosation and 
stereochemistry, 505 
1,1,3,3-Tetramethylbuty] isocyanide, aldimine 
formation from, 312 
1,4,5,8-Tetranitroso-1,4,5,8-tetraazodecalin, 
stereochemistry, 505 
synthesis, SOS—506 
Tetraphenylallene, 11-12 
Thallium, in reduction of nitro compounds, 
442-445 
Thioenamides, 97 
Thioimino esters, 319 
Thionylamine, azo compound formation from, 
354, 371-373 
Thiosemicarbazides, 217, 218, 221 
Thiosemicarbazido-2-cyanoacrylates, 225 
Thiosemicarbazido methylenemalonates, 225 
Thiourea, 206-207 
S-alkylation, 206-207 
Thioureas, 250-255 
desulfurization, 250-255 
Thorpe reaction, 313 
Tiffeneau-Demjanov ring expansion, 499 
Titanium alkyl, reaction with nitrites, 311 
Titanium tetrachloride, catalyst in ketimine 
formation, 305 
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2,4-Toluene diisocyanate, 265-267 

p-Tolyl-NNO-azoxybenzene, 424 

trans-2-p-Tolylsulfonylcyclohexyl sulfite, 85 

p-Tolylsulfonylmethylnitrosoamide, 522 

Transnitrosating agents, 509 

Transnitrosation, 508-509 

Triarylmethyl azides, from carbinols, 334 

Triazoline, 345 

0,0,p-Trideuterioazobenzene, 369 

Tri(2-ethoxyethy!) orthoacetate, 67 

Trifluoromethanesulfonyl azide, 332-333 

1,1,1-Trifluoromethylazomethane, 369 

m-Trifluoromethyinitrosobenzene, 482 

Trifluoronitrosomethane, 472 

Triflyl azide, see Trifluoromethanesulfony] 
azide 

Trihalomethyl compounds, 59-62 

alcoholysis, 59-62 

Triiron dodecacarbonyl, reducing agent of 
azoxy compounds, 388 

2,2,6-Trimethylcyclohexylcyanide, ketimine 
formation from, 309 

N,N'-Trimethylenebis(N-nitrosobenzamide), 
520 

1-(2,3,5-Trimethyl-4-hydroxy phenyl)semi- 
carbazide, 227-228 

Triphenylsily! azide, 349 


U 


a,B-Unsaturated imines, 312-313 
Urazole derivatives, oxidative hydrolysis, 439 
Urazoles, 409 
Ureas, 152-191 
by oxidative carbamylation, 181-185 
by reaction of amines with carbonyl deriva- 
tives, 164-176 
by reaction of amines with cyanic acid, 
156-157 
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by reaction of amines with isocyanates, 
158-160 
by reaction of amines with isothiocyanates, 
160-16] 
by reaction of amines with urea, 152-156 
by reaction of amines with urethanes and 
carbarmates, 161-163 
by reaction of isocyanates with water, 163- 
164 
by reaction of olefins with urea, 180 
uses, 152 
Urethane catalysts, 261-266 
Urethane prepolymer, 266-267 


Vv 


Vicinal dihalo compounds, 7-9 
dehalogenation of, 7-9 

Vinyl acetylenes, 1,4-addition, 34-39 

Vinyl azides, 345-346 

«,B-Vinylnitrosamines, see N-Nitrosoenamines 


Ww 


Wallach rearrangements, 387, 414 
Widman-Stoermer synthesis, 354, 368 
Wittig synthesis of allenes, 40 


Y 


Ynamines, 135-151 
conversion to enamines, 129 
by rearrangement of propargylamines, 146- 
149 
by reaction of acetylenic ethers with lithium 
dialkylamides, 139-140 
resonance, 135 
Ynamine thioethers, 150 


